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EXECUTIVE SUMMARY 

Resolution Consultants has prepared this Uniform Federal Policy (UFP) Sampling and Analysis 
Plan (SAP) for a Source Area Investigation at the Naval Industrial Reserve Ordnance Plant 
(NIROP), Fridley, Minnesota, under Contract No. N62470-11-D-8013, Comprehensive Long-term 

Environmental Action Navy, Contract Task Order F276. This SAP was developed in accordance 
with applicable Navy, United States (U.S.) Environmental Protection Agency (USEPA) Region 5, 

and Minnesota Pollution Control Agency (MPCA) requirements, regulations, guidance, and 
technical standards, as appropriate. This includes the Department of Defense, Department of 

Energy, and USEPA Interagency Data Quality Task Force environmental requirements regarding 
federal facilities, as specified in the UFP Quality Assurance Project Plan (UFP-QAPP) guidance 
(USEPA 2005). 

This SAP has been prepared to identify and characterize potential contaminant source areas, 

affected primarily with trichloroethene (TCE), beneath the NIROP building. For this effort, 
"source" refers to a mass of TCE-impacted soil or volume of impacted groundwater that 

persistently acts to degrade soil and/or groundwater quality by releasing dissolved phase TCE 

(and its degradation byproducts) into the overburden aquifer in such a condition that in-situ 

remediation could be conducted to accelerate the cleanup time. 

This SAP outlines the organization, project managem.ent, objectives, planned activities, data 
acquisition, assessment, oversight, and data review procedures associated with the planned 

investigation at NIROP. Protocols for sample collection, handling, storage, chain of custody, 

laboratory and field analyses, data validation, and reporting are also addressed. Field activities 
conducted under this SAP, which are scheduled to begin in July 2013, will be conducted in 

accordance with Resolution Consultants' Site-Specific Health and Safety Plan, to be submitted 
under separate cover. 

The purpose of the project is to further define the nature and contaminant concentrations 
within the subsurface soil and groundwater at the potential source areas and downgradient 
areas and to collect data· needed for designing potential future remedial actions. Based upon 

results of previous investigations, the presumed source areas appear to be the East Plating 

Room, which will be a primary focus area for this investigation. Secondary source areas to be 
investigated are Area of Concern (AOC)-17 in the northwest portion of the building (a former 

wash rack sump), and the area east and north of monitoring well MS-331 (referred to as 7th 
and Broadway). The area downgradient of the BAE Systems (BAE) Paint Shop will also be 

investigated. These potential source areas and the associated downgradient groundwater flow 
pathways are the focus of this investigation. 
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The NIROP facility is divided into three separate operable units (OUs) for ease of addressing its 

contaminant issues: 

• Operable Unit 1 (OU1) is the groundwater beneath the entire property, 

• Operable Unit 2 (OU2) is the unsaturated soils outside of the building footprint on the 
NIROP property, 

• Operable Unit 3 (OU3) is the unsaturated soils beneath the NIROP building and 
saturated soil either under or outside the building. 

The investigation outlined in this SAP involves groundwater and saturated soil beneath the 
building and outside the building which is part of OU1 and OU3. This investigation also includes 

unsaturated soil beneath the building which is part of OU3. No investigation activities· are 

planned for OU2. 

Site Background 
NIROP is an 83-acre site located about 700 feet east of the Mississippi River in Fridley, 

Minnesota. Since 1940, the U.S. Navy and its contractors produced advanced weapons systems 

at the facility. The Navy, USEPA, and MPCA have worked together to complete environmental 

investigations and remedial efforts atNIROP. 

In 1990, USEPA issued a Record of Decision (ROD) for OU1, which included a hydraulic 

containment remedy for contaminated groundwater using an extraction well system. In 
September 1992, the groundwater extraction well system came on-line. Through the end of 

~011, the system has treated approximately 4.3 billion gallons of groundwater and extracted 
approximately 71,000 pounds of TCE and other volatile organic compounds. 

In 2003, the USEPA issued a ROD for OU2 and OU3 which uses an institutional control (IC), to 
restrict the property to industrial and limited commercial use until and unless USEPA and MPCA 
determine that concentrations of hazardous substances in the soil have been reduced to levels 
which allow for less restrictive uses. For OU2, an IC also prohibits the disturbance or removal 

of soil deeper than 3 feet below ground surface in two areas north of the building (Area 3A and 
4A) without prior written approval of USEPA and MPCA. For OU3, an IC prohibits the 
disturbance of soil beneath the East Plating Room within the building without prior written 
approval of the USEPA and MPCA. The IC for OU3 also indicates that the floor of the East 

Plating Room (concrete pit floor 8 to 12 feet below grade floor) is an Engineering Control and 

will not be removed without prior written approval of USEPA and MPCA. 
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In 1997, an investigation of OU3, as part of the Remedial Investigation (RI) study to locate 
source areas beneath the building, included analysis of approximately 500 soil samples to 
ascertain areas of maximum contamination. Results of this effort suggest three potential 
source areas: 

1. East Plating Room; 
2. AOC-17 (a former wash rack sump); and 
3. Area east and north of monitoring well MS-331 (7th and Broadway). 

Based upon more recent data collected after the RI, it appears that dispersion from a BAE 
Resource Conservation and Recovery Act Paint Shop source area (south of Navy-controlled 
property) may have affected groundwater beneath OU3. 

Elevated concentrations of TCE and its degradation products in these potential source areas 
may contribute to elevated concentrations of TCE and its degradation products in the 
groundwater beneath the NIROP facility and thereby force the groundwater extraction and 
treatment system to operate indefinitely. Although the groundwater treatment system is 

opE;!rating in accordance with the ROD, it may take a very long time to reach cleanup goals if 
the potential source areas continue to provide elevated concentrations of TCE to the 
groundwater. 

The Navy is continuously monitoring the system and evaluating new cleanup options to identify 
actions that may help speed up the process and allow the site to reach cleanup goals faster. To 
this end, the Navy has elected to undertake this source area investigation to better define the 
nature and contaminant concentrations within the subsurface soil and groundwater. at the 
potential source areas. This will be accomplished using qualitative screening with a membrane 
interface probe along with quantitative soil and groundwater sampling with laboratory analysis. 
Explorations will extend from beneath the floor to a depth of approximately 80 feet. The goals 
are to develop data necessary to identify potential source areas and to assess potential source 
area control alternatives. 
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ACRONYMS AND ABBREVIATIONS 

°C degrees Celsius 
%D percent difference or percent drift 
%RSD relative standard deviation 
AOC Area of Concern 
BAE BAE Systems 
bgs below ground surface 
CERCLA Comprehensive Environmental Response, Compensation & Liability Act 
CFR Code of Federal Regulations 
CLEAN Comprehensive Long-term Environmental Action Navy 
COC chain of custody 
CSM conceptual site model 
CTO Contract Task Order 
DO dissolved oxygen 
DoD Department of Defense 
DVM Data Validation Manager 
EC electrical conductivity 
ECD electron capture detector 
ELAP Environmental Laboratory Accreditation Program 
EZVI emulsified zero valent iron 
FID flame ionization detector 
FOL Field Operations Leader 
GC/MS gas chromatograph/mass spectrometer 
IC institutional control 
!CAL initial calibration 
ICP inductively coupled plasma spectroscopy 
rev initial calibration verification 
IDW investigation-derived waste 
LCS/LCSD laboratory control sample/laboratory control sample duplicate 
LOD limit of detection 
LOQ limit of quantitation 
MCL maximum contaminant level 
MDH Minnesota Department of Health 
mg/kg milligram per kilogram 
MIP membrane interface probe 
MPCA Minnesota Pollution Control Agency 
MS/MSD ·matrix spike/matrix spike duplicate 
NA not applicable 
NAPL nonaqueous phase liquid 
NAVFAC Naval Facilities Engineering Command 
NAVFAC LANT Naval Facilities Engineering Command, Atlantic 
NAVFAC MW Naval Facilities Engineering Command, Midwest 
NIRIS Naval Installation Restoration Information Solution 
NIROP Naval Industrial Reserve Ordnance Plant 
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ORP 
OU 
PAL 
PC 
PCB 
PIO 
PM 
ppm 
QA 
QAO 
QC 
QSM 
RCRA 
RI 
ROD 
RPD 
RPM 
SAP 
SOP 
SRV 
sso 
SVOCs 
TCE 
TCLP 
Tetra Tech 
TOC 
Tri Matrix 
UFP 
UFP-QAPP 
µg/L 
U.S. 
USE PA 
voe 
XSD 

oxidation-reduction potential 
Operable Unit 
project action limit 
Project Chemist 
polychlorinated biphenyl 
photoionization detector 
Project Manager 
part per million 
quality assurance 
Quality Assurance Officer 
quality control 
Quality Systems Manual 
Resource Conservation and Recovery Act 
Remedial Investigation 
Record of Decision 
relative percent difference 
Remedial Project Manager 
Sampling and Analysis Plan 
Standard Operating Procedure 
Soil Reference Value 
Site Safety Officer 
semivolatile organic compounds 
trichloroethene 
toxicity characteristic leaching procedure 
Tetra Tech NUS, Inc. 
total organic carbon 
TriMatrix Laboratories 
Uniform Federal Policy 
Uniform Federal Policy for Quality Assurance Project Plan 
microgram per liter 
United States 
United States Environmental Protection Agency 
volatile organic compound 
halogen specific detector 
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SAP WORKSHEET #2: SAMPLING AND ANALYSIS PLAN IDENTIFYING INFORMATION 
(UFP-QAPP Manual Section 2.2.4) 

Site Name/Number: Naval Industrial Reserve Ordnance Plant (NIROP), Fridley, 
Minnesota 
Operable Unit (OU) 1 and OU3 

Contractor Name: Resolution Consultants 

Contract Number: N62470-11-D-8013 

Contract Title: Comprehensive Long-term Environmental Action Navy (CLEAN) 

Work Assignment Number: Contract Task Order (CTO) F276 

1. This Sampling and Analysis Plan (SAP) was prepared in accordance with the requirements 

of: 

• The Intergovernmental Data Quality Task Force Uniform Federal Policy for Quality 
Assurance (QA) Plans (UFP-QAPP) (United States [U.S.] Environmental Protection. 
Agency [USEPA] 2005). 

• Guidance for QA Project Plans, USEPA QA/G-5 (USEPA 2002). 

2. Identify regulatory program(s): 

• Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
of 1980, as reauthorized by Superfund Amendments and Reauthorization Act. 

• Minnesota Environmental Response Liability Act of 1983. 

3. This document is a project-specific SAP. 

4. List dates of scoping sessions that were held: 

Scoping Session Date 

Internal Naval Facilities Engineering Command (NAVFAC) Scoping May 30, 2012 
Session . 

Internal NAVFAC Scoping Session July 15, 2012 

Internal NAVFAC Scoping Session September 3, 2012 

NIROP Team Meeting October 9-10, 2012 
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Scoping Session Date 

Internal NAVFAC Scoping Session January 25, 2013 

5. List dates and titles of any SAP documents written for previous site work that are relevant to 

the current investigation. 

Title Date 
Remedial Action Work Plan, Tetra Tech NUS, Inc. (Tetra Tech) 
Filed in the NIROP Facility Administrative Record as September 2005 
N91192 000750 

6. List organizational partners (stakeholders) and connection with lead organization: 

Regulatory Oversight - USEPA, Region 5. 

Regulatory Oversight - Minnesota Pollution Control Agency (MPCA) 

7. Lead organization: 

Department of the Navy, Naval Facilities Engineering Command, Midwest (NAVFAC MW) 

8. If any required SAP elements or required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for 

their exclusion below: 

All requirements are included in this SAP. 

9. A cross-reference for this SAP is presented in the following table. 

Worksheet# Required Information 

A. Project Management 

Documentation 

1 Title and Approval Page 

2 Sampling and Analysis Plan Identifying Information 

3 Distribution List 

4 Project Personnel Sign-Off Sheet 

Project Organization 

5 Project Organizational Chart 

6 Communication Pathways 

WS2-2 

Crosswalk to Related 
Information 

1-1 

2-1 

3-1 

4-1 

5-1 

6-1 
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Worksheet# Required Information Crosswalk to Related 
Information 

7 Personnel Responsibilities Table 7-1 

8 Special Personnel Training Requirements Table 8-1 

Project Planning/Problem Definition 

9 Project Scoping Session Participants Sheet 9-1 

10 Problem Definition 10-1 

11 Project Quality Objectives/Systematic Planning Process Statements 11-1 

12 Field Quality Control Samples 12-1 

13 Sources of Secondary Data Criteria and Limitations Table 13-1 

14 Summary of Project Tasks 14-1 

15 Reference Limits and Evaluation Tables 15-1 

16 Project/Timeline Table 16-1 

B. Measurement Data Acquisition 

Sampling Tasks 

17 Sampling Design and Rationale 17-1 

18 Location-Specific Sampling Methods/SOP Requirements Table 18-1 

19 Analytical Methods/SOP Requirements Table 19-1 

20 Field Quality Control Sample Summary Table 20-1 

21 Project Sampling SOP References Table 21-1 

22 Field Equipment calibration, Maintenance, Testing, and Inspection Table 22-1 

Analytical Tasks 

23 Analytical SOP References Table 23-1 

24 Analytical Instrument Calibration Table 24-1 

25 Analytical Instrument and Equipment Maintenance, Testing, and 25-1 
Inspection Table 

Sample Collection 

26 Sample Handling System 26-1 

27 Sample Custody Requirements 27-1 

Quality Control Samples 

28 I Laboratory QC Samples Table 28-1 

Data Management Tasks 

29 Project Documents and Records Table 29-1 

30 Analytical Services Table 30-1 

c~ Assessment Oversight 

31 Planned Project Assessments Table 31-1 

32 Assessment Findings and Corrective Action Responses Table 32-1 

33 Quality Assurance Management Reports Table 33-1 

D. Data Review 

34-36 Data Verification and Validatiqn (Steps I and II/IIB) Process Table 34-36-1 

37 Usability Assessment 37-1 

WS2-3 
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Notes: 
QC 
SOP· 

quality control 
standard operating procedure 
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SAP WORKSHEET #3: DISTRIBUTION LIST 
(UFP-QAPP Manual Section 2.3.2) 

SAP Recipients Title/Role 

Harvey Pokorny RPM 

Val Jurka Environmental Engineer 

Howard Hickey Restoration PM 

Terese Van Donsel Environmental Engineer 

Sheila Desai RPM 

Deepa de Alwis PM 

Chris Boehm Carlson CTO PM 

Dan Phelps Field Operations Leader and Site Safety Officer 

James Buss Project Hydrogeologist 

Scott Tarmann Project Engineer 

Cathy Larson PC /QAO 

Stephanie Warino CTO PM (outgoing) 

Paul Walz PM 

Walt Roudebush Laboratory PC 

Notes: 

Distribution List 

Organization Telephone Number 

Department of the Navy (847) 688-2600 x611 

Department of the Navy (757) 322-8319 

Department of the Navy (847) 688-2600 x243 

Department of the Navy (847) 688-2600 

USEPA Region 5 (312) 353-4150 

MPCA (651) 757-2572 

Resolution Consultants (763) 551-2439 

Resolution Consultants (651) 367-2305 

Resolution Consultants (608) 828-8210 

Resolution Consultants (414) 944-6184 

Resolution Consultants (763) 551-2474 

Tetra Tech (412) 921-8868 

Bay West (651) 291-3491 

TriMatrix Laboratories, Inc. (616) 975-4561 

Each person listed in this table will be responsible for distributing copies of this SAP to appropriate personnel within their organization. 
CTO Contract Task Order 
MPPA Minnesota Pollution Control Agency 
PC Project Chemist 
PM Project Manager 
RPM Remedial Project Manager 
QAO Qualify Assurance Officer 
SAP Sampling and Analysis Plan 
Tetra Tech Tetra Tech NUS, Inc. 
USEPA United States Environmental Protection Agency 

WSJ-1 

E-Mail Address or Mailing Address 

harvey.pokorny@navy.mil 

val.jurka@navy.mil 

howard .hickey@navy.mil 

terese. vandonsel@navy.mil 

desai.sheila@epa.gov 

deepa.dealwis@state.mn.us 

chris.boehm@aecom.com 

daniel.c.phelps@aecom.com 

james.buss@aecom.com 

scott.tarmann@aecom.com 

ca thy. larson@aecom.com 

stephanie. Warino@tetratech.com 

paulw@baywest.com 

roudebushw@trimatrixlabs.com 
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SAP WORKSHEET #4: PROJECT PERSONNEL SIGN-OFF SHEET 

(UFP"QAPP Manual Sedion 2.3.2) 

Certification that project personnel have read the teXt: will be. obtained by one of the following 
methods as applicable: 

1. In the case of regulatory agency personnel with oversight authority, approval letters or 
e-mails will constitute verification that applicable sections of the SAP, have been reviewed. 
Copies of regulator)( agency approval letters/e-mails will be retained in the project files and 
are listed in Worksheet #29 as project records. 

2. E-mails will be sent to the Navy, Resolution Consultants, and subcontractor project 
personnel who will be requested to verify by e-mail that they have read the applicable 
SAP/sections and the date on which they were reviewed. Copies of the verification e-mail 
will be included in the project files and is identified in Worksheet #29. 

A copy of the signed Worksheet #4 will be retained in the project files and is identified as a 
project document in Worksheet #29. 
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Project Personnel Sign-Off Sheet 

Name Organization/Title/Role 
Telephone 

Signature/E-Mail Receipt Number 

Navy and Regulator Partnering Team Personnel 

Harvey Pokorny 
Navy RPM (847) 688-2600 

(Manages project for the Navy) x611 

Sheila Desai 
USEPA RPM 

(312) 353-4150 
(Provides Regulatory Oversight) 

Deepa de Alwis 
MPCA PM 

(651) 757-2572 
(Provides Regulatory Oversight) 

Resolution Consultants' Partnering Team Personnel 

Chris Boehm Carlson 
CTO PM 

(763) 551-2439 
(Manages project for Resolution Consultants) 

Dan Phelps 
Field Operations Leader and Site Safety Officer (Oversees (651) 367-2305 

field activities and site safety) 

Cathy Larson 
PC/QAO 

(763) 551-2474 
(Oversees quality and subcontracted analytical services) 

Scott Tarmann Project Engineer (Oversees engineering services) (414) 944-6184 

James Buss 
Project Hydrogeologist (Provides senior level ( 608) 828-8210 

hydrogeological services) 

Subcontractor Personnel 

TriMatrix Laboratories/Laboratory PC 
Walt Roudebush 

(Representative for subcontracted analytical services) 

Notes: 
CTO 
MCPA 
PC 
PM 
RPM 
QAO 
SAP 
USEPA 

= Contract Task Order 
= Minnesota Pollution Control Agency 
= Project Chemist 
= Project Manager 
= Remedial Project Manager 
= Quality Assurance Officer 
= Sampling and Analysis Plan 
= United States Environmental Protection Agency 

(616) 975-4561 
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SAP Section Reviewed Date SAP 
Read 

All 

All 

All 

All 

All 

All 

All 

All 

Worksheets #6, #12, #14, 
#15, #19, #20, #23-28, 

#30, and #34-36 
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SAP Worksheet #5 
Revision: O; July 2013 

SAP WORKSHEET #5: PROJECT ORGANIZATIONAL CHART 
(UFP-QAPP Manual Section 2.4.1) 

Sheila Desai 
USEPA Region 5 RPM 

\. (312) 353-4150 

Line of Authority 

Line of Communication 
---------------------

I 
r Dan Phelps 

FOL/ SSO 
Resolution Consultants 

(651) 367-2305 
I 

Field Subcontractors: 
Utility Locator- Hance Utility 
Services, Inc. 763-682-0206 
MIP- Vironex. Inc. 303-423-8122 
Vertical Profile Driller - Matrix 
Environmental LLC 763-424-4803 
Well Driller - Mateco Drilling Co. 
616-86 3-6890 
Surveyor- Harry S. Johnson Co. 
Inc. 952-884-5341 

Notes: 
CTO = Contract Task Order 
DVM = Data Validation Manager 
FOL = Field Operations Leader 
MIP = Membrane Interface Probe 

-------

..... r 

~ 

"" 
~ 

r 

"" 

r Harvey Pokorny Deepa de Alwis 
NAVFAC MW RPM ----------- MPCAPM 

(847) 688-2600 ext. 611 (651) 757-2572 

I ·-............ ·-. ·-. 
Ken Bowers r 

Chris Boehm Carlson " Navy Chemist 
CTOPM 

(757) 322-8341 
Resolution Consultants 

(763) 551-2439 .... .Jr 
Cathy Larson I 

I 
QAO I Project Chemist I DVM 

Resolution Consultants 

Scott Tarmann ""! (763) 551-2474 \. 

Project Engineer I 
Resolution Consultants r Debbie Masonheimer 

(414) 944-6184 ,J Data Manager 
Resolution Consultants 

I (831) 662-2808 
""I 

\.. 

James Buss I Project Hydrogeologist r Walt Roudebush 
Resolution Consultants 

Laboratory Project Chemist 
(608) 828-8210 

.J Tri matrix Laboratories 

\. (616) 975-4561 

QAO = Quality Assurance Officer 
RPM = Remedial Project Manager 
SSO = Site Safety Officer 

" 

~ 

'I 

~ 

..... 

~ 

MPCA = Minnesota Pollution Control Agency USEPA = United States Environmental Protection Agency 
NAVFAC MW = Naval Facilities Engineering Command Midwest 
PM = Project Manager 
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RESOLUTION 
CONSULTANTS·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._is._'io_n_:_O~;_J_u~ly_2_0_1_3 

SAP WORKSHEET #6: COMMUNICATION PATHWAYS 
(UFP-QAPP Manual Section 2.4.2) 

Communication pathways for the SAP are shown below. 

Communication Pathwavs 

Communication Responsible Entity Name Phone Number 
Drivers 

Regulatory Agency ·- -uSEPA RPM Sheila Desai (312) 353-4150 
Interface 

MPCA PM Deepa de Alwis (651) 757-2572 

NAVFAC MW RPM Harvev Pokornv (847) 688-2600 x611 
Field Progress Reports Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 

Resolution Consultants FOL Dan Phelos (651) 367-2305 
Gaining Site Access NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 

Resolution Consultants FOL Dan Phelps (651) 367-2305 

Cassidy Turley (Property Tom Vierling (612) 341-4444 
Managers) 

Obtaining Utility Resolution Consultants FOL Dan Phelps (651) 367-2305 
Clearances for Intrusive 
Activities NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 

Stop Work Due to Safety Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 
Issues · 

Resolution Consultants Dan Phelps (651) 367-2305 
FOL/SSO 

NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 

Cassidy Turley (Property Tom Vierling (612) 341-4444 
Managers) 

BAE Tim Ruda 763-572-6906 
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Procedure 
(Timing, Pathway To/From, etc.) 

The NAVFAC MW RPM will contact each regulatory agency via phone and/ore-
mail within 48 hours when significant corrective actions or changes to the SAP 
occur. This includes notification of significant analytical data quality issues or 
equipment failure. 

The Resolution Consultants FOL will contact the Resolution Consultants PM on a 
daily basis via phone, and every 1-2 days summarizing progress via e-mail. 

The Resolution Consultants FOL will contact the NAVFAC MW RPM, or designee, 
verbally or via e-mail at least 30 days prior to commencement of field work to 
arrange for access to the site for all field personnel. Notification will be provided 
to facility owner and BAE. 

A minimum of two weeks prior to the commencement of any intrusive activities, 
Resolution Consultants will coordinate utility clearance with the Navy and the 
Gopher State One Call public utility locating service. A private utility locator may 
also be contracted to locate private utilities at the site. The Resolution 
Consultants FOL will document the utility clearance process. 

If Resolution Consultants is the responsible party for a stop work command, 
then the Resolution Consultants SSO will inform on-site personnel, 
subcontractor(s), and the Resolution Consultants PM within 1 hour (verbally or 
by e-mail). 

The Resolution Consultants PM will notify the NAVFAC MW RPM within 1 hour of 
notification (verbally or by e-mail). 

If a subcontractor is the responsible party for a stop work command, then the 
subcontractor PM must verbally inform the Resolution Consultants SSO within 15 
minutes, and the Resolution Consultants SSO will then follow the procedure 
listed above. 
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RESOLUTION 
CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._~_io_n_:_O~;_J_u~ly_2_0_1_3 

Communication Pathwavs 

Communication 
Responsible Entity Name Phone Number 

Procedure 
Drivers (Timing, Pathway To/From, etc.) 

SAP Changes Prior to · Resolution Consultants FOL Dan Phelps (651) 367-2305 The Resolution Consultants PM will document the proposed changes via a Field 
Field/ Laboratory Work Task Modification Request form within 5 days and send the NAVFAC MW RPM a 

Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 concurrence letter within 7 days of identifying the need for change, if necessary. 
The RPM can authorize submittal of a concurrence letter and can request 

NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 changes to funding. The AQ is the only entity that can formally commit funds. 

SAP amendments will be submitted by the Resolution Consultants PM to the 
NAVFAC MW RPM for review and approval. 

The Resolution Consultants PM will send scope changes to the Partnering Team 
via e-mail within 1 business day. 

SAP Changes in the Field Resolution Consultants FOL Dan Phelps (651) 367-2305 The Resolution Consultants FOL will verbally inform the Resolution Consultants 
PM on the day that the issue is discovered. 

Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 
The Resolution Consultants PM will inform the NAVFAC MW RPM (verbally or via 

NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 e-mail) within 1 business day of discovery. 

The NAVFAC MW RPM will issue a scope change (verbally or via e-mail), if 
warranted. The scope change is to be implemented before further work is 
executed. 

The Resolution Consultants PM will document the change via a Field Task 
Modification Request form within 2 days of identifying the need for change and 
will obtain required approvals within 5 days of initiatinq the form. 

Field Corrective Actions Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 The Resolution Consultants FOL will notify the Resolution Consultants PM 
verbally or by e-mail within one business day that the corrective action has been 

Resolution Consultants FOL Dan Phelps (651) 367-2305 completed. 

NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 The Resolution Consultants PM will then notify the NAVFAC MW RPM (verbally 
or by e-mail) within 1 business day. 
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SAP Worksheet #6 
RESOLUTION 
CONSULTANTS·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._is._'io_n_:_O~;_J_u~ly_2_0_1_3 

Communication Pathwavs 
Communication 

Responsible Entity Name Phone Number 
Procedure 

Drivers (Timing, Pathway To/From, etc.) 
Sample Receipt Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 The Laboratory PC will notify (verbally or via e-mail) the Resolution Consultants 
Variances PC immediately upon receipt of any chain-of-custody/sample receipt variances 

Resolution Consultants PC Cathy Larson (763) 551-2474 for clarification or direction. 

Tri Matrix- Laboratory PC The Resolution Consultants PC will notify (verbally or via e-mail) the Resolution 
Walt Roudebush (616) 975-4561 Consultants PM within 1 business day, if corrective action is required. 

The Resolution Consultants PM will notify (verbally or via e-mail) the Resolution 
Consultants FOL within 1 business day of any required corrective action. 

The Resolution Consultants PC will notify (verbally or via e-mail) the laboratory 
PC within 1 business dav, if corrective action is reauired. 

Analytical Corrective TriMatrix Laboratory PC Walt Roudebush (616) 975-4561 The laboratory shall notify the Resolution Consultants PC of any analytical data 
Actions anomaly within 1 business day of discovery. After the laboratory receives 

Resolution Consultants PC Cathy Larson (763) 551-2474 guidance from Resolution Consultants' PC, the laboratory shall initiate any 
corrective action to prevent further anomalies. 

Analytical Data Quality TriMatrix Laboratory PC Walt Roudebush (616) 975-4561 The laboratory PC notifies (verbally or via e-mail) the Resolution Consultants' PC 
Issues within 1 business day of when an issue related to laboratory data is discovered. 

Resolution Consultants PC Cathy Larson (763) 551-2474 Resolution Consultants' PC notifies Resolution Consultants' PM within 1 business 
day. 

Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 
Resolution Consultants PC notifies the Resolution Consultants' PM verbally or via 

NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 e-mail within 48 hours of validation completion that a non-routine and 
significant laboratory quality deficiency has been detected that could affect this 
project and/or other projects. Resolution Consultants PM verbally advises the 
Navy RPM within 24 hours of notification from the PC. The Navy RPM will 
engage the NAVFAC LANT chemist to ensure the issues with this project can be 
evaluated to determine imoact to other DoD oroiects. 
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Communication Pathwavs 

Communication Responsible Entity Name Phone Number 
Procedure 

·Drivers (Timing, Pathway To/From, etc.) 
Reporting Laboratory Resolution Consultants PC/ Cathy Larson (763) 551-2474 The laboratory PC will notify (verbally or via e-mail) the Resolution Consultants 
Quality Variances DVM PC of any variance from the quality limits identified in this SAP on the day that 

the variance becomes known. 
Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 

The Resolution Consultants PC /DVM will notify (verbally or via e-mail) the 
Resolution Consultants FOL Dan Phelps (651) 367-2305 Resolution Consultants PM within 1 business day of the need for corrective 

action, if the variance is a significant issue. 
TriMatrix Laboratory PC Walt Roudebush (616) 975-4561 

The Resolution Consultants PM will notify (verbally or via e-mail) the NAVFAC 
MW RPM within 1 business day. 

The Laboratory PC will document all quality variances in the Case Narrative of 
the Analytical Laboratorv Report. 

Notification of Non- TriMatrix Laboratory PC Walt Roudebush (616) 975-4561 If the laboratory determines that any data they have generated is non-usable, 
Usable Data the laboratory PC will notify (verbally or via e-mail) the Resolution Consultants 

Resolution Consultants PC/ Cathy Larson (763) 551-2474 PC within 1 business day of when the issue is discovered. 
DVM 

The Resolution Consultants PC will notify (verbally or via e-mail) the Resolution 
Resolution Consultants PM Chris Boehm Carlson (763) 551-2439 Consultants DVM and the Resolution Consultants PM within 1 business day of 

the need for corrective action, if the non-usable data is a significant issue (i.e., 
NAVFAC MW RPM Harvey Pokorny (847) 688-2600 x611 critical sample data). Corrective action may include resampling and/or 

reanalyzing the effected samples. 

If a Resolution Consultants Data Validator identifies non-usable data during the 
data validation process, the Resolution Consultants DVM will notify the 
Resolution Consultants PM verbally or via e-mail within 48 hours of validation 
completion that a non-routine and significant laboratory quality deficiency has 
resulted in non-usable data. 

The Resolution Consultants PM will take corrective action appropriate for the 
identified deficiency to ensure the project objectives are met. 

The Resolution Consultants PM will notify (verbally or via email) the NAVFAC 
MW RPM on any problems with the laboratory or analysis that could significantly 
affect the usability of the data or project failures that impact the ability to 
complete the scope of work. Such notification will be made within 1 business 
day of when the issue is discovered. The Navy RPM will engage the NAVFAC 
LANT chemist to ensure issues with this project can be evaluated to determine 
impact to other DoD projects. 
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~:Ji.~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Re~v.~~~w~n_:~O~;~Ju~J~y_2~0~13 
Notes: 
AQ 
BAE 
DoD 
USEPA 
MPCA 

Acquisition 
BAE Systems 
Departmentof Defense 
United States environmental Protection Agency 
Minnesota Pollution Control Agency 

NAVFAC LANT= 
NAVFAC MW 

Department of the Navy, Naval Facilities Engineering Command, Atlantic 
Department of the Navy, Naval Facilities Engineering Command, Midwest 

FOL 
RPM 
SAP 
sso 
PC 
PM 
DVM 

Field Operations Leader 
- ·. Remedial Project Manager 

Sampling and Analysis Plan 
Site Safety Office 
Project Chemist 
Project Manger 
Data Validation Manager 
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RESOLUTION 
CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_~_is._'io_n_:~O~;~li~u~/y~2~0~1..:...3 

SAP WORKSHEET #7: PERSONNEL RESPONSIBILITIES TABLE 

(UFP-QAPP Manual Sedion 2. 4.3) 

Name Title/Role Organizational Affiliation 

Howard Hickey NAVFAC Program Manager NAVFAC 

- -

NAVFAC RPM/Manages project activities for Harvey Pokorny 
the Navy NAVFAC MW 

' 

Sheila Desai RPM/Regulatory Support USEPA Region 5 

Deepa de Alwis MPCA PM MPCA 

Terese Van Donsel Navy QA Project Officer NAVFAC MW 

Ken Bowers QAM NAVFAC LANT 

Ken Brown 
Regional Program Manager/Manages CLEAN 

Resolution Consultants program in Midwest 

John Knopf Health and Safety Manager . Resolution Consultants 

Chris Boehm Carlson 
Contractor PM for CTO /Manages project on a Resolution Consultants daily basis 

WS7-1 

Responsibilities 

Oversees resourcing and participates in evaluation of scope modifications and 
overall technical goals. 

Primary Point of Contact for the Navy. Oversees project implementation, including 
scoping, data review, and evaluation, on behalf of the Navy. 
Will distribute a signed copy of the SAP to all team members. 
Authority to stop work. 

Notifies regulators of problems that require corrective action, corrective actions 
that are initiated and schedule chanaes. 
Makes sure that investigation work and documentation are in compliance with 
applicable federal regulations. Represents the interests of USEPA with regard to 
oroiect exoectations and requirements of existing decision documents. 
Makes sure that investigation work and documentation are in compliance with 
applicable Minnesota regulations. 

Represents the interests of MPCA with regard to project expectations and 
requirements of existinq decision documents. 

Participates in evaluation of potential scope modifications and advises on CERCLA 
process, data utilization, and technical approach. 

Reviews SAP to ensure that the SAP meets Navy requirements. SAP approval. 

Oversees CLEAN program on behalf of Resolution Consultants in the Midwest. 

Over5ees CLEAN program Health and Safety Program. 

Oversees project, financial, scheduling and technical day-to-day management of 
the contracted scope of work. Overall coordination of the project and document 
review. Will distribute a signed copy of the SAP to all Resolution Consultant team 
members. 
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Name Title/Role Orqanizational Affiliation Responsibilities 
Supervises, coordinates, and performs field activities. 
Ensures that all health and safety requirements unique to this project are 
implemented. 

Functions as the on-site communication link between field staff members, NAVAC 
MW, and the Resolution PM. 

Ensures the proper maintenance of site logbooks, field logbooks, and field 
recordkeeping. 

Identifies and resolves problems in the field, resolving difficulties via consultation 
with Resolution Consultants PM and NAVFAC MW RPM, implements and documents 

Field Operations Leader/ corrective action procedures, and provides communication between the field team 
Dan Phelps Site Safety Officer 

Resolution Consultants and project management. 

Responsible for site safety and maintenance of project-specific safety-related 
documentation. 

Ensures that field personnel comply with all procedures established in the Health 
and Safety Plan. 

Ensures that facility personnel and subcontractors are adequately advised and kept 
clear of potentially contaminated materials. 

Terminates work if an imminent safety hazard, emergency· situation, or other 
potentially danqerous situation is encountered. 

Cathy Larson QAO/Oversees project QA activities Resolution Consultants 
Assist in SAP preparation. Makes certain quality aspects of the CLEAN program are 
implemented. 

Prepares laboratory scope, coordinates with laboratory, and performs data quality 

Cathy Larson PC/Data Validation Manager Resolution Consultants 
review. Coordinates analyses with laboratory chemists, makes sure the scope is 
followed, reviews QA data packages and communicates with Resolution 
Consultants staff. Manaqes data validation activities. 

Scott Tarmann Project Engineer Resolution Consultants 
Oversee engineering services, including providing input on scope of investigation 
and data requirements for remedial design. 

Jim Buss Project Hydrogeologist Resolution Consultants 
Provide senior level hydrogeological services, including input in report 
preparation and drilling subcontractor procurement. 

Debbie Masonheimer Data Manager Resolution Consultants 
Assists in SAP preparation, makes sure that data management activities are 
performed in accordance with SAP procedure. 
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Name Title/Role Oraanizational Affiliation 

Walt Roudebush Laboratory PC/Analytical Subcontractor TriMatrix Laboratories 

Notes: 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act 
CLEAN = Comprehensive Long-term Environmental Action Navy 
CTO = Contract Task Order 
MPCA = Minnesota Pollution Control Agency 
NAVFAC = Naval Facilities Engineering Command 
NAVFAC LANT= Naval Facilities Engineering Command, Atlantic 
NAVFAC MW = Naval Facilities Engineering Command, Midwest 
PC = Project Chemist 
PM = Project Manager 
QA = Quality Assurance 
QAM = Quality Assurance Manager 
QAO = Quality Assurance Officer 
RPM = Remedial Project Manager 
SAP = Sampling and Analysis Plan 
USEPA = United States Environmental Protection Agency 
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Responsibilities· 

Primary laboratory contact; ensures analyses are performed in accordance with 
SAP protocols. 
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RESOLUTION 
COHSULTANTS·~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._'isl_on_:_O~;_Ju~ly_2_0~13 

SAP WORKSHEET #8: SPECIAL PERSONNEL TRAINING REQUIREMENTS TABLE 

(UFP-QAPP Manual Section 2.4.4) 

Field personnel will follow the field Standard Operating Procedures (SOPs) in Appendix B. 

Laboratory staff will follow the analytical SOPs in Appendix C. Laboratory certifications are also 
included in Appendix C. 

There are no other special personnel training required for the execution of field activities under this 

CTO. 
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RESOLUTION 
CONSVLTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-R_e_v._is._io_n_:~~~·J_u~/y'--20_1_3 

SAP WORKSHEET #9: PROJECT SCOPING SESSION PARTICIPANTS SHEET 

(UFP-QAPP Manual Sedion 2.5.1) 

Project Name: Source Area Groundwater Investigation Site Name: Naval Industrial Reserve Ordnance Plant 

Projected Date(s) of Sampling: Summer 2013 (NIROP) 

Project Manager: Chris Boehm Carlson Site Location: Fridley, Minnesota 
Date of Sessions: May 30, 20/12, July 15, 2012, September 3, 2012, and January 25, 2013 

Participants: Internal NAVFAC Scoping Sessions 
Scoping Session Purpose: Developed objectives and scope of the project 
Comments/Decisions: Sessions resulted in information presented in the "Contract N62470-11-D-8013, cro F276: 

CLEAN at the Naval Industrial Reserve Ordnance Plant Fridley, Minnesota" and the "NIROP Fridley UFP-SAP/QAPP for 
Source Area Groundwater Investigation, Draft", March 2013. 

Date of Session: October 9 and October 10, 2012 (October 2012 Partnering Meeting) 
Scoping Session Purpose: Sampling and Analysis Plan Development and Site Walkover 

Name Title Affiliation Phone# E-Mail Address Project Role 

Harvey RPM NAVFAC MW 
(847) 688-2600 harvey.pokorny@navy.mil NAVFAC MW RPM 

Pokorny x611 

Val Jurka Environmental NAVFAC LANT (757) 322-8319 val.jurka@navy.mil Technical Advisor 
Engineer 

Stephanie Geoscientist Tetra Tech (412) 921-8868 stephanie. warino@tetratech.com Outgoing Navy 
Warino NUS Inc. Consultant 

Navy Consultant for 

Paul Walz Project Bay West (6Sl) 291-3491 paulw@baywest.com Operation and 
Engineer, PM Maintenance and 

Sampling 

Sheila Desai RPM US EPA (312) 3S3-41SO desai.sheila@epa.gov USEPA RPM 

Karla Senior Tech Law (415) 762-0566 kbrasaemle@techlawinc.com USEPA Consultant Brasaemle Geologist 

US EPA US EPA 
Nicole Goers Consultant Tech Law (540) 836-0420 ngoers@techlawinc.com Consultant/Meeting 

Minutes 

Deepa de PM MPCA (651) 757-2572 deepa.dealwis@state.mn.us MPCA PM 
Alwis 

Dean Krebs 
MPCA 

Antea (651) 697-5243 dean.krebs@anteagroup.com MPCA Consultant 
Consultant 

Paul Lucas MPCA Antea (651) 697-5192 paul.lucas@anteagroup.com MPCA Consultant Consultant 

Debra The Partnering Meeting Facilitator Management (813) 254-4535 kraemerd@tampabay.rr.com Kraemer 
Edge Facilitator 

Ken Brown PM Resolution (414) 944-6192 kenneth.brown@aecom.com CLEAN Program 
Consultants Oversight 

Chris Boehm PM Resolution (612) 803-4845 chris.boehm@aecom.com Navy Consultant 
Carlson Consultants CTOPM 

' 
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Name 

Scott 
Tarmann 

Cathy 
Larson 

Notes: 
CLEAN 
CTO 
MPCA 
NAVFAC 
NAVFAC LANT= 
NAVFAC MW 
PC 
PM 
RPM 
US EPA 

Title Affiliation Phone# E-Mail Address 

Project Resolution (414) 944-6192 scott.tarmann@aecom.com 
Engineer Consultants 

PC Resolution 
(763) 551-2474 cathy. larson@aecom.com 

Consultants 

Comprehensive Long Term Environmental Action Navy 
Contract Task Order 
Minnesota Pollution Control Agency 
Naval Facilities Engineering Command 
Naval Facilities Engineering Command, Atlantic 
Naval Facilities Engineering Command, Midwest 
Project Chemist 
Project Manager 
Remedial Project Manager 
United States Environmental Protection Agency 

Project Role 

Navy Consultant 
Project Engineer 

Navy Consultant PC 

October 2012 Partnering Meeting Comments/Decisions: Prior to the scoping session, 
NAVFAC MW provided the Partnering Team with an internal preliminary draft of the SAP for 

discussion .. Comments were provided by USEPA and MPCA, and the SAP and comments were 
discussed by the Partnering Team. 

October 2012 Partnering Meeting Action Items: To aid in identifying specific boring 
locations, Resolution Consultants requested an as-built of the building in the area of the proposed 

borings from NAVFAC MW. Resolution Consultants will move forward with preparation of the draft 

SAP for the Source Area Investigation. 

October 2012 Partnering Meeting Consensus Decisions: 
The following approach was generally agreed to for the development of the SAP: 

1. Two mobilizations will be used for the membrane interface probe (MIP) borings. During the 
first mobilization, 20 borings will be advanced. MIP results obtained will be provided to the 
NAVFAC MW Remedial Project Manager (RPM) who will provide results to USEPA and MPCA 
for input on the locations of the remaining eight MIP borings during the second mobilization. 

2. During a third mobiliiation, up to 28 soil borings will be advanced adjacent to the original 
MIP borings. Hydraulic conductivity readings will be collected continuously during boring 
advancement. Groundwater samples will be collected from these borings at approximately 
four depths. One depth will be at 7 feet below the groundwater table. Other depths will be 
selected based on the MIP results. 

3. A fourth mobilization will be performed to install three groundwater monitoring wells. 
Groundwater sample results and MIP results will be reviewed to determine the optimum 
location for the three planned wells. Rather than complete a well nest with shallow, 
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intermediate, and deep screened intervals, three individual wells at the intermediate depth 
will be installed. Well screen depth, however, is dependent upon investigation results. 

4. During the advancement of the MIP borings, clay layers will be penetrated. To minimize the 
potential for contaminated groundwater to migrate vertically, soil borings will be abandoned 
immediately after advancement and groundwater sample collection. 

5. If refusal occurs during drilling, a second attempt will be made adjacent to the same 
location. If refusal occurs a second time, a field decision shall be made regarding further 
attempts to drill at that location. 

6. Both equipment used for the MIP screening and the drilling equipment should have the 
capability of advancing to 100 feet below ground surface (bgs). 

7. The following procedures for verifying the MIP results were discussed: 

• The MIP shall be calibrated daily at the start, middle, and end of day, in accordance with 
the manufacturer's instructions. If middle or end of day calibration fails, the Project 
Team will determine if any borings will be redone. 

• MIP results will be compared to groundwater sample results to evaluate the correlation 
between the two data sets. 

• No soil samples will be collected for _comparison to the MIP results. The technology 
used to advance both the MIP and the borings for groundwater sampling do not allow 
the option for collecting soil samples. This approach was modified following the January 
2013 meeting as described below. 

8. The possibility of collecting soil vapor samples during the drilling associated with this study 
was discussed. The conclusion was to look into this further during future discussions for 
two reasons: 1) the cost savings of doing both studies together was not considered 
substantial; and 2) further planning would be required to adequately address the data 
needs and objectives for soil vapor samples in relation to building parameters. 

9. The need for sampling microorganisms in either soil or groundwater shall be evaluated 
during the development of the SAP. 

10. Procedures for performing a field-scale trial of emulsified zero valent iron (EZVI) will be 
addressed in a separate work plan. (Note: To address Item #9 above, it was decided to 
look at microbe assays during development of the EZVI injection work plan, to be submitted 
under separate cover.) · 

11. Although groundwater sampling and analysis procedures are included in this SAP, this SAP is 
not intended for use for the annual monitoring, since both sampling and analytical 
contractors are different. 
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January 2013 Partnering Meeting Action Items: Following a meeting between the NIROP 
site developer, Navy, MPeA, USEPA, and the City of Fridley, it was agreed that the SAP should be 

modified to include assessment of vadose zone soil conditions and a more comprehensive 

assessment of groundwater quality. Based on this, the; source investigation scope of work has 

been modified as noted below: 

1. Perform quantitative assessment of vadose zone soil conditions not previously investigated 
through collection of continuous soil samples in the vadose zone at soil boring locations 
near the East Plating Room with four laboratory analytical samples from each boring for 
volatile organic compound (VOC) analysis. 

2. Improve the physical characterization of subsurface soil conditions by conducting soil 
sampling in the vertical profile borings. 

3. Improve understanding of groundwater trichloroethene (TeE) distribution by expanding the 
groundwater screening program to include 27 vertical profile borings with collection of 
groundwater samples at 5-foot intervals in granular zones below the water table for voe 
analyses. 

4. Limit the application of MIP to eight borings near the East Plating Room based on MIP voe 
sensitivity of approximately 1 part per million (ppm). 
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SAP WORKSHEET #10: PROBLEM DEFINmON 
(UFP-QAPP Manual Sedion 2.5.2) 

This worksheet presents general background information and the current conceptual site model 

(CSM), which serves as the basis for developing the sampling and analysis program for the NIROP 

source area investigation. 

10.1 Introduction 
The primary problem is that TCE and associated degradation products are present in soil and 

. groundwater beneath the NIROP building. A groundwater extraction and treatment system is in 

place and contains the impacted groundwater, but it will take a long time for the groundwater to 

reach cleanup goals at the current pace as source areas continue to dissolve TCE and its 

degradation products into groundwater at elevated concentrations. The groundwater extraction 

and treatment system does little to address this condition. 

Within this context, the Navy has elected to collect data needed to evaluate if source control 
remediation could accelerate cleanup of the facility. If warranted, this may result in bench scale 
testing to evaluate i.n-situ remedial options that may accelerate cleanup of the facility. More 
specifically, additional data is needed to: 

1. Determine the concentrations and vertical distribution of impacts in the presumed East 
Plating Room source area. 

2. Determine the current shallow groundwater concentrations and vertical distribution of TCE 
impacts in the presumed Area of Concern {AOC)-17 source area and assess if there are 
impacts between AOC-17 and MS-31. 

3. Determine if there is a connection between the elevated concentrations detected at 
monitoring well MS-331 and the East Plating Room presumed source area. 

4. Evaluate groundwater flow paths from the Paint Shop and determine if they extend onto the 
NIROP site and are captured by the NIROP extraction wells. 

5. Assess groundwater ·concentrations of TCE and associated degradation products 
downgradient from source areas. 

6. Evaluate the vadose zone soil concentrations of TCE and associated degradation products in 
the East Plating Room area. 
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7. Estimate the baseline groundwater concentrations of total and dissolved iron, sulfate, 
nitrate, methane, ethane, and ethene in . groundwater near the source areas to aid in 
evaluating remedial alternatives. 

8. Determine the general soil types and baseline concentrations of total organic carbon (TOC), 
iron, and TCE along with its associated degradation products in the source areas. 

The purpose of the project is to define the nature and contaminant concentrations within the 

subsurface soil and groundwater at the potential source areas and downgradient areas and to 

collect data needed for designing potential future remedial actions. Based upon results of previous 

investigations, the presumed primary source area appears to be beneath the East Plating Room, 

which will be a primary focus area for this investigation. Secondary source areas to be investigated 
are AOC-17 in the northwest portion of the building (a former wash rack sump), and the area east 

and north of monitoring well MS-331 (referred to as 7th and Broadway). The area downgradient of 
the BAE Systems (BAE) Paint Shop will also be investigated. Figure 10-1 illustrates the site layout 

and features. For reference, a site location map and a site plan, from previous reports, are 
included in Appendix A (Figures A-1 and A-2). A CSM figure outlining exposure pathways, taken 

from the Record of Decision (ROD) for OU2 and OU3, is also included in Appendix A (Figure A-3). 

The NIROP facility is divided into three separate OUs for ease of addressing its contaminant issues: 

• OUl is the groundwater beneath the entire property, 

• OU2 is the unsaturated soils outside of the building footprint on the NIROP property, 

• OU3 is the unsaturated soils beneath the NIROP building and saturated soil either under or 
outside the building. 

The investigation outlined in this SAP involves groundwater and saturated soil beneath the building 

and outside the building which is part of OUl and OU3. This investigation also includes unsaturated 

soil beneath the building which is part of OU3. No investigation activities are planned for OU2. Up 
to five contingency borings are included as part of this project and will be used as needed, in 
consultation with the USEPA and MPCA, to address data gaps. 

The results of this investigation will be used to evaluate in-situ remedial options and the need for 

bench scale testing. Bench scale test results would, in part, be used to evaluate the degree to 
which remediation could be accelerated, although it should be noted that the degree of acceleration 

will be approximate in nature. Bench scale testing is not part of the effort for this project. 
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A second problem is that concentrations of TCE and associated degradation products in shallow soil 

above the water table have not been adequately characterized near the East Plating Room. 

Additional data is needed to determine appropriate actions during proposed site redevelopment 

activities. 

10.2 The Environmental Questions Being Asked: 
• What are the concentrations and vertical profile of source area impacts at the East Plating 

Room? 

• What are the concentrations and vertical profile of source area impacts at AOC-17? 

• Is there a connection between the elevated concentrations detected at MS-33I and the East 
Plating Room? 

• Is the Paint Shop source area contributing to groundwater impacts on the NIROP site and in 
the NIROP extraction wells? 

• What are the concentrations and vertical profile of TCE and associated degradation products 
in groundwater downgradient from the source areas? 

• What are vadose zone concentrations of TCE and associated degradation products in 
shallow soil at the East Plating Room area? 

• What are the baseline concentrations of total and dissolved iron, sulfate, nitrate, methane, 
ethane, and ethene in groundwater near the East Plating Room areas? 

• What are the general soil types and baseline concentrations of TOC, iron, and TCE along 
with its associated degradation products in the source areas? 

10.3 Observations From any Site Reconnaissance Reports: 
Site maps, surrounding site information, and specific site details are found in the following 

documents: 

• Record of Decision for Groundwater Remediation, Naval Industrial Reserve Ordnance Plant 
Fridley, Minnesota, September 28, 1990; filed in the NIROP Facility Administrative Record as 
N91192_000078. USEPA. 

• Remedial Investigation for Operable Unit 3, Naval Industrial Reserve Ordnance Plant Fridley, 
Minnesota, April 2002. Tetra Tech. 

• Record of Decision for Operable Unit 2 and Operable Unit 3, Naval Industrial Reserve 
Ordnance Plant Fridley, Minnesota, August 2003; filed in the NIROP Facility Administrative 
Record as N91192_000661. USEPA. 
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• 2011 Annual Monitoring Report, Naval Industrial Reserve Ordnance Plant Fridley, Minnesota, 
November 2012. Tetra Tech. 

• Source Investigation Map Methodology NIROP Superfund Site Fridley, Minnesota, February 
2012. NAVFAC. 

• Technical Memorandum "Discrete Groundwater Sampling Results, Naval Industrial Reserve 
Ordnance Plant" Fridley, Minnesota, August 31, 2012. CH2M HILL. 

• Figure 10-1 of this SAP. 

Previous site investigations and annual monitoring reports have documented the general extent of 

the groundwater plume. A groundwater extraction and treatment system is in operation to 
minimize the flow of contaminated groundwater from the NIROP. The focus of this investigation is 

additional evaluation of suspect source areas beneath the building. Details regarding the most 
recent evaluation of the source areas are presented below. 

10.3.1 A Synopsis of Secondary Data or Information from Site Reports 
NAVFAC MW conducted a data review of the potential source areas beneath the building and 

results were presented in "Source Investigation Map Methodology NIROP Superfund Site" dated 

February 2012. The objective of the data review was to· ascertain if data obtained in 1995 and 1997 

was sufficient to delineate source,area(s) beneath the NIROP complex building. A figure depicting 
the potential source areas was constructed using TCE groundwater concentration data from all 

groundwater depths, incorporating maximum observed concentrations. This figure is included for 
reference in Appendix A (Figure A-4). Observation of the plotted data suggests four potential 

source areas: 

• East Plating Room; 

• AOC-17 (a former wash rack sump); 

• Area east and north of monitoring well MS-33I; and 

• BAE Paint Shop Resource Conservation and Recovery Act (RCRA) Site (located south of 
Navy controlled property). 

Soil data from 1995 and 1997 were also reviewed and results point to the East Plating Room and 
ih and Broadway as major sources of the TCE release. It is inferred that the dense solvent 

migrated downward and saturated the fine-grained stratigraphic unit(s). The highest TCE soil 

concentrations were recorded within or adjacent to fine-grained materials. Smaller source areas 
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were also revealed in the northwest quadrant of OU3 (near AOe-17). Based upon more recent 
data collected after the Remedial Investigation (RI), it appears that dispersion from a BAE ReRA 

Paint Shop source area (south of Navy-controlled property) may have affected groundwater 

beneath OU3. As discussed in the October 12, 2012 meeting, voes were very low or were not 

detected in sandy samples. 

10.3.2 Site Walkover Findings 
Potential boring locations at the East Plating Room, the AOe-17 area, and the area east and north 
of MS-33I were observed for access issues, potential ventilation concerns, and concrete thickness. 

The floor of the East Plating Room included an area that was a recessed pit approximately 8 feet 
deeper than the surrounding slab on grade. The pit below the East Plating Room was filled in with 

sand and concrete and is now level with surrounding grade. Due to access limitations from BAE 

operations in the East Plating Room and concerns over penetrating the concrete floor at the bottom 
of the pit (which is part of the OU3 remedy outlined in the ROD), borings completed as part of this 

investigation will be completed outside and adjacent to the East Plating Room. 

An as-built type map was requested to aid in placing the source area investigation borings and was 

used as the base map for Figure 10-1. 

The building currently is used by BAE, engaged in the development, delivery, and support of 

advanced defense, security and aerospace systems. Entry into the building requires security 
clearance. Security requirements will be confirmed before initiating on-site work, but it is assumed 

that confirmation of U.S. citizenship is required for all on-site personnel to work at the site. 

10.4 The possible classes of contaminants and the affected matrices: 
TeE and its degradation products are the voes of concern for this investigation. The selected voe 

list for the project is the list identified in the 2011 Annual Monitoring Report and includes: 1,1-

dichloroethane, 1, 1-dichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, 

tetrachloroethene, 1, 1, 1-trichloroethane, TeE, and vinyl chloride. 

Affected matrices are unsaturated soil (vadose zone), saturated soil (beneath water table), and 

groundwater. 

10.5 The rationale for inclusion of chemical and nonchemical analyses: 
This investigation will produce both chemical and nonchemical analysis. The MIP investigation will 

produce nonchemical data used to model the relative concentrations of voes in the subsurface and 

the soil types based on the electrical conductivity (EC) log (fine grained vs. coarse-grained 
materials). The MIP tool was selected because it is an efficient and cost effective way to screen for 

ws 10-5 



(@)A . Sampling and Analysis Plan - Source Area Investigation 
• Naval Industrial Reserve Ordnance Plant, Fridley Minnesota 

SAP Worksheet # 10 
RESOLUTION Revision: O,· July 2013 
CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

voes, and the modeling performed on the MIP data can be very illustrative of site conditions. The 
MIP data will also supplement the CSM, and will aide in designing future remedial actions. 

The vertical profile borings will also produce nonchemical data needed to determine the lithology of 
the subsurface materials. This data is needed to assist with identifying preferential flow paths and 

the nature of the source areas. During advancement of the vertical profile borings, groundwater 
samples will be collected for chemical analysis for correlation with the MIP data, to determine the 

distribution of contaminants, and to supplement the CSM. The groundwater samples collected from 

the monitoring wells will include chemical analysis to help assess remedial options, monitoring 

potential pilot test results, and supplement the monitoring well network at the site. Direct chemical 
analysis is the only acceptable methodology for comparison to regulatory framework. 

10.5.1 Membrane Interface Probe 
The MIP provides qualitative voe screening data using electron capture detector (ECO), halogen 
specific detector (XSD), flame ionization detector (FID), and photoionization detector (PIO). 

According to Vironex, Inc., the ECO instrument provides detection levels as low as 0.5 ppm in the 

field. According to Vironex, Inc., the MIP has been used in areas with TCE nonaqueous phase 
liquid (NAPL) without reaching upper detection limit of the XSD instrument. The MIP will be used as 

a reconnaissance tool to assess the East Plating Room area. The MIP also has an EC dipole on the 

probe which provides an indication of soil particle size. The MIP works in both the saturated and 

unsaturated zones and in clays, sands, and gravels. 

Borings will be advanced to approximately 80 feet bgs and continuously screened with the MIP. 
The MIP results will be used to create a three dimensional visualization of soil types and 

contaminant concentrations near the East Plating Room to help illustrate potential source areas and 
downgradient flow pathways. Two dimensional cross-sections will be presented in the report. 

10.5.2 Analysis of Soil and Groundwater in Vertical Profile Borings 

Soil and groundwater conditions will be evaluated at 27 locations beneath the facility. The 
objectives of the vertical profile borings are to: 

• Understand the hydrostratigraphy with particular focus on the locations of low and high 
permeability units within the flow system. 

• Understand the distribution and concentrations of voes dissolved in groundwater within 
transmissive zones. 

• Provide baseline concentrations of voes for evaluating potential source area remedial 
options. 
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• Provide analytical results that can be used to correlate the accuracy of MIP results. 

• Provide vadose zone soil voe concentrations near the East Plating Room to support site 
redevelopment activities. 

At each vertical profile location, two side-by-side borings will be advanced. In the first boring, soil 

samples will be continuously collected to the bottom of the boring (80 feet). These samples will 
enable characterization of subsurface formations and allow for identification of likely preferred flow 

paths and fine grained, low permeability. conditions. Vadose zone soil samples will be collected 
from select borings near the East Plating Room for VOC analysis. Soil samples may be collected 

from beneath the water table for voe analysis in locations where obtaining a groundwater sample 
would be impracticable (e.g., silt/clay units greater than 5 feet thick). Soil samples from 

approximately 10 locations will also be analyzed for TOC and iron to establish baseline site 

concentrations for use in remedial selection/design. In the second side-by-side boring, groundwater 
samples will be collected with a temporary well screen at approximately 5-foot intervals for 

laboratory analysis of voes. The 5-foot sample intervals will allow for a more detailed review of 
the distribution of voes and a refined interpretation of potential flow pathways. All of the proposed 

soil borings will be completed and sealed, followed by completion of borings for groundlA(ater 

sample collection. 

10.5.3 Analysis of Soil and Groundwater at Monitoring Wells 

Three monitoring wells will be installed at locations to be selected following review of the MIP and 

vertical profiling data. 1 Soil samples will be collected at monitoring well locations for voe analysis 

to provide baseline concentrations for evaluating remedial options. At least 2 weeks following well 

development, groundwater samples will be collected· from the monitoring wells using low flow 

sampling methods and analyz~ for voes. The voe data will be used to: 

• Correlate the MIP and vertical profile results; · 

• Provide baseline data to evaluate remedial options; 

• Supplement the existing monitoring well network; and 

• Provide monitoring points to evaluate the effectiveness of any remediation pilot tests. 

1 If well installation is required within the building, appropriate ventilation measures will be taken, as described in the 

Health and Safety Plan, and proper well construction measures will be implemented to control the potential for vapor 

intrusion, as described in Section 17.5.2 of this SAP. 
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Soil samples will also be analyzed for TOC and iron. Groundwater samples from the new monitoring 

wells will also be analyzed for sulfate, nitrate, total and dissolved iron, and methane, ethane, and 
ethene to establish baseline site concentrations for use in remedial selection/design. 

10.5.4 Investigative-Derived Waste 

Soil and liquid samples representative of the investigative-derived waste (IDW) will be analyzed in 
accordance with the disposal acceptance criteria as specified from the disposal facility. The 

analyses will likely include toxicity characteristic leaching procedure (TCLP)-VOCs, TCLP-semivolatile 

organic compounds (SVOCs), TCLP-metals, TCLP-pesticides, polychlorinated biphenyls (PCBs), paint 
filter test, pH, and ignitability, as required by the disposal firm, to properly profile waste for 

disposal. Analyses will be performed in accordance with requirements in 40 Code of Federal 

Regulations (CFR) 261, Subpart C, and further information regarding data quality will not be 
specified. 

10.6 Information concerning various environmental indicators 
The present condition of the environment is outlined in the 2011 Annual Monitoring Report, and the 

previously referenced soil and groundwater investigation reports. The CSM was presented in the 

ROD for OU2 and OU3, and is included in Appendix A (Figure A-3). The data gathered during this 
effort may be used to update and revise the CSM. The data collected as part of this investigation 

will also be used as a baseline for evaluating the effectiveness of any future remedial actions. 
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SAP WORKSHEET #11: PROJECT QUALITY OBJECTIVES/SYSTEMATIC PLANNING 

PROCESS STATEMENTS 
(UFP-QAPP Manual Section 2. 6.1) 

11.1 Who Will Use the Data? 

The Project Team, which consists of the Navy, USEPA Region 5, MPCA, and Resolution Consultants, 

will use the data to assess the general magl")itude of source area contamination and vertical 
pathway distribution prior to capture. When complete, data will also be available for presentation 
to the general public to provide status information regarding progress of the site cleanup. 

11.2 What Will the Data be Used For? 

The data will be used by the Project Team to characterize the concentration and vertical 
distribution of voes in the potential source areas and to better understand the downgradient 
distribution in groundwater. The data will be used to evaluate remedial methods that may be 
useful in reducing the concentrations in source areas to levels that will allow regulatory 
control/closure in an accelerated timeframe that is acceptable to the project team. The degree of 
cleanup time acceleration will be evaluated following bench scale testing. 

11.3 Problem Statement 

The primary problem is that TCE and associated degradation products are present in soil and 
groundwater beneath the NIROP building. A groundwater extraction and treatment system is in 
place and contains the impacted groundwater, but it will take a long time for the groundwater to 
reach cleanup goals at the current . pace as source areas continue to dissolve TCE and its 
degradation products into groundwater at elevated concentrations. The groundwater extraction 
and treatment system does little to address thi.s condition. There is currently insufficient data to 
adequately fully characterize the source areas or to fully understand the downgradient distribution 
of TCE and i~ degradation products. Additional data is needed to evaluate remedial methods that 
may be useful in reducing the concentrations in source areas to levels that will allow regulatory 
control/closure in a timeframe that is acceptable to the Navy. 

A second problem is that concentrations of TCE and associated degradation products in shallow soil 
above the water table have not been adequately characterized near the East Plating. Room. 
Additional data is needed to determine appropriate actions during proposed site redevelopment 
activities. 

11.4 Goals of the Study (lf ... ,Then Statements) 

The goals of the study are to: 
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1. Determine the concentrations and vertical distribution of impacts in the presumed East 
Plating Room source area. 

2. Determine the current shallow groundwater concentrations and vertical distribution of TCE 
impacts in the presumed AOC-17 source area and assess if there are impacts between AOC-
17 and MS-31. 

3. Determine if there is a connection between the elevated concentrations detected at 
monitoring well MS-33I and the East Plating Room presumed source area. 

4. Evaluate groundwater flow paths from the Paint Shop and determine if they extend onto the 
NIROP site, and are captured by the NIROP extraction wells. 

5. Assess groundwater concentrations of TCE and associated degradation products 
downgradient from source areas. 

6. Evaluate the vadose zone soil concentrations of TCE and associated degradation products in 
the East Plating Room area. 

7. Estimate the baseline groundwater concentrations of total and dissolved iron, sulfate, 
nitrate, methane, ethane, and ethene in groundwater near the source areas to aid in 
evaluating remedial alternatives. 

8. Determine the general soil types and baseline concentrations of TOC, iron, and TCE along 
with its associated degradation products in the source areas. 

If the investigation results indicate the definitive presence of a source area with conditions 

favorable for remediation, then remedial options will be evaluated and a work plan for bench scale 
testing, likely consisting of injection of EZVI, will be prepared. 

If no clear treatable source is identified, then resuits will be· reviewed to determine if further 
investigation could be used to identify treatable source material, or if contamination has dispersed 

to a point where alternate remediation techniques may be preferred. 

If subsurface conditions limit the depths achievable using the recommended direct sensing 

equipment and ·direct push drilling techniques, then the drilling approach may be modified to 
include larger drill rigs, modified direct sensing equipment, or a change in the overall scope of 
work. 

11.5 Inputs to Problem Resolution 

The inputs needed to achieve 'the projects goals identified in Section 11.4 include field observations 
and measurements and chemical data as described below. 
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• The following field screening data will be used to help select the locations and depths of 
laboratory analytical samples and aid in defining the potential source areas and subsurface 
lithology: 

o voe screening data will be gathered from MIP borings from Oto approximately 80 feet 
bgs to aid in defining voe source areas in the East Plating Room area. 

o While advancing MIP borings, EC data will be collected to aid in indentifying general soil 
types. This information will help identify layers that would be more likely to have 
elevated concentrations of TeE (low permeability layers) and groundwater flow 
pathways {high permeability layers). 

o Logging of vertical profile boring soil cores by a trained geologist and field screening soil 
with a PIO will provide information on zones with elevated voe concentrations and 
zones that may represent potential source areas. 

• Purge water generated prior to groundwater sample collection from monitoring wells will be 
field screened using a YSI water quality meter (or equivalent) and Hanna turbidity meter (or 
equivalent) to determine when formation water is being produced and a representative 
groundwater sample can be collected. Field screening parameters will include temperature, 
pH, dissolved oxygen (DO), specific conductance, oxidation-reduction potential (ORP), and 
turbidity. SOP 3-24 will be followed (Appendix B). 

• Soil and groundwater samples will be collected for off-site laboratory analysis following 
SOPs in Appendix B from the following locations: 

o Groundwater samples will be collected from up to 27 vertical profile borings at up to 12 
depths in each boring (approximately every 5 feet) using a temporary screen point 
sampler. Groundwater sampling results will be used to investigate the distribution of 
voes both vertically and horizontally and to correlate the MIP results and PIO results. 
The groundwater results will be considered when determining the location and screen 
depth of the long-term monitoring wells. Groundwater samples will be collected 
generally following the procedures in SOP 3-14 using a bladder pump and analyzed for 
voes. 

o In the vertical profile borings, soil samples will be collected beneath the water table in 
lieu of groundwater samples where low permeability (e.g., silt or clay) units greater than 
5 feet thick are encountered. The most impacted portion of the soil core will be selected 
for laboratory analyses. Selection will be based on a combination of careful PIO 
screening, MIP, and geologic interpretation. The soil sample will be analyzed for voes, 
and the results will be used to characterize potential source areas beneath the water 
table where groundwater samples cannot be effectively collected using temporary well 
screens. Approximately five soil samples will also be analyzed for TOC and iron to 
provide data for evaluating remedial options. Soil samples will be collected from the 
direct push drill rig soil core following the procedures in SOP 3-21 (Appendix B). 
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o Vadose zone soil samples will be collected from nine soil borings (combination of vertical 
profile borings and shallow vadose zone borings near East Plating Room) with four 
analytical samples per boring for voe analysis (a sample approximately every 5 feet). 
Approximately five soil samples will also be analyzed for TOC and iron.· The soil 
sampling results will be used to characterize vadose zone soil conditions. Soil samples 
will be collected from the direct push drill rig soil core following the procedures in SOP 3-
21 (Appendix B). 

o Nine additional soil samples will be collected from the three monitoring well soil borings 
(three samples per monitoring well boring). Soil samples will be analyzed for voes to 
assess the extent of voe impacts. Soil samples will also be analyzed for TOC and iron. 
Soils samples will be collected from the sonic drill rig soil .core following the procedures 
in SOP 3-21 (Appendix B). 

o Groundwater samples will be collected from the three newly installed monitoring wells 
and analyzed for voes. Results will be used to provide baseline concentrations if source 
area treatment is performed. Additionally, samples from the three newly installed wells 
will be analyzed for sulfate, nitrate, total and dissolved iron, methane, ethane, and 
ethane to provide data for evaluating remedial options. Groundwater samples will be 
collected following procedures in SOP 3-14 (Appendix B). 

o Up to five contingency borings will be added to the subsurface investigation program to 
address data gaps within the results of the field program. The need for contingency 
borings will be discussed with the USEPA and MPCA during conference calls at the 
conclusion of the MIP and vertical profile boring programs. Criteria used to select 
locations for contingency borings include conflicting data results between boring . 
locations, anomalous data results, and/or other unexpected conditions. Contingency 
boring locations, sampling intervals, media, and laboratory analytical schedule will be 
discussed with the USEPA and MPCA prior to implementation. 

o One soil and one water IDW sample will be collected and analyzed for TCLP-VOCs, 
TCLP-SVOCs, TCLP-metals, TCLP-pesticides, PCBs, ignitability, pH, and paint filter test, 
as required by the disposal firm. IDW samples will be collected following procedures in 
SOP 3-21. 

• Quality control (QC) data, including field duplicates, equipment blanks, and matrix spikes 
(MS)/matrix spike duplicates (MSDs) will be collected to aid in evaluating data quality. Data 
validation will be performed using the QC results. 

• Land survey horizontal and vertical control will be obtained for all soil borings and 
monitoring wells. The survey will be completed by a registered land surveyor (Harry S. 
Johnson Co). 
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11.6 Define the Study Boundaries 

The site investigation areas include the primary source area which is considered to be the East 

Plating Room area. Secondary source areas to be investigated are AOC-17 in the northwest portion 

of the building (a former wash rack sump), and the area east and north of monitoring well MS-331. 
The area between the groundwater extraction wells and potential source areas will also be 
assessed to help define groundwater flow pathways. Figure 10-1 illustrates the site layout and 

features and the locations of investigation areas. 

The vertical boundary extends from the ground surface to approximately 80 feet bgs; however, 

borings may need to be advanced deeper in some locations in order to encounter the targeted 
confining layer. Drilling to these depths will reach the practical limits of the drilling equipment and 

refusal may occur prior to reaching the lower confining layer. 

The temporal boundaries for this study will be the period of the actual field investigation, 

anticipated to occur from July through December 2013. The majority of the work will be completed 

indoors. There are no seasonal variations anticipated to affect this investigation. 

11.7 Analytical Approach 

Specific analytes and their respective project action limits (PALs) are provided in Worksheet #15. 

Regulatory sources for these PALs are as follows: 

Media Reference for PALs 

The United States Environmental Protection Agency Maximum Contaminant Levels found at: 

Groundwater 
h!;!;12: LLw'fJ.tgr .g12a .gov l drin!sLs;ontaminsin~Lindex. dm 

The lowest value on the Minnesota Department of Health Human Health-Based Water Guidance Table 
found at: htt12:LLwww.health.state.mn.u::!LdivsLehlrisklguidans;eLgwLtable.html 

The Minnesota Pollution Control Agency (MPCA) Industrial Soil Reference Value are found at: 
htt12: LLwww .12ca. state. mn. usLindex.12h12LwasteLwaste-a nd-cleanu12L clea nu12-12rograms-and-

Soil 
to12icslto12icslrisk-based-site-ev2luation-12ros;ess-guidance-
documents. html?menuid =&missing= O&redirect= 1 
The MPCA Soil Leachate Values are found at: 
htt12:LLwww.12c2.state.mn.uslindex.12h12Lview-document.html?gid=3152 

Waste Code of Federal Regulations 261.24 

For groundwater, the lowest of either the maximum contaminant level (MCL) or the Minnesota 

Department of Health (MDH) criteria will be the PAL. For soils, the industrial Soil Reference Values 

(SRVs) were selected for comparison because the site is currently zoned industrial. The current 

operations are industrial, and it is understood that future land use will remain commercial/industrial 
as part of the institutional control outlined in the 2003 ROD. 
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11.8 Performance or Acceptance Criteria 

The objective of this section is to complete the following: 

• Identify potential sources of study error (i.e., field error, analytical error). 

• Establish and identify the methods used to reduce potential sources of error. 

• Determine how decision errors will be managed during the project. 

Sampling Strategy - Both a judgmental and phased approach were used in developing the 
sampling design. Initial sampling locations are biased to areas where historical data indicates 
elevated TCE concentrations. Subsequent sample locations will be selected using a phased 
approach to optimize sample locations by using information obtained during prior phases. 

During the course of the project, interim results will be provided by Resolution Consultants to the 
Navy RPM for distribution to the Project Team to obtain feedback. Interim results will be presented 
as follows: 

• After completion of the eight MIP borings, the MIP logs will be presented to the Project 
Team. 

• After completion of the 27 vertical profile borings and three vadose zone borings, the result 
will be presented to determine if the five contingency borings will needed to address data 
gaps. Contingency borings may be used to collect shallow vadose zone soil samples, deep 
soil samples for geologic characterization, or groundwater vertical profile samples. 

• Prior to installation of the three monitoring wells, results of the field program and 
recommendations for the location and screen position of the three monitoring wells be 
presented to the project team to gain consensus. 

Sources of Error- Sources of error may be divided into two main categories: sampling errors and 
measurement errors. A sampling error occurs when the sampling design, planning, and/or 
implementation do not provide data representative of site conditions. A measurement error occurs 
because of performance variance from laboratory instrumentation, analytical methods, and 
operator error. The USEPA identifies the combination of all these errors as a "total study error" 
(USEPA 2006). One objective of the investigation is to reduce the total study error so that 
decision-makers can be confident that the data collected accurately represent the chemical 
characteristics of the site. 
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Managing Decision Error - The investigation will utilize decision-error minimization techniques in 

sampling design, sampling methodologies, and laboratory measurements. Possible decision errors 

will be minimized during the field investigation by using the following methods: 

• Use standard field sampling methodologies (as discussed in Worksheets #18 and #21). 

• Use applicable analytical methods and SOPs for sample analysis by a competent analytical 
laboratory with a current MDH certification and a Department of Defense (DoD) 
Environmental Laboratory Accreditation Program (ELAP) certification. 

• Confirm analytical data to identify and control potential laboratory error and sampling error 
by using spikes, blanks, and replicated samples. 

Field Measurements-The following acceptance criteria will be used for field measurements: 

• Field screening TCE concentrations may range from greater than 10 ppm in source areas to 
less than 0.5 ppm in areas less impacted by TCE. The MIP voe results need to be of 
sufficient quality to distinguish the different conditions along this range of concentrations. 
This wide range of detections will be accomplished through the use of two instruments: the 
XSD and ECD. 

• Field screening EC data to determine relative grain size needs to be of sufficient quality to 
distinguish between high electrically conductive soil types (silts and clays) and low 
conductivity soil types (sands and gravels) so that the groundwater samples can be 
collected at the proper locations and to support the CSM. 

• Field screening of the groundwater parameters is a standard procedure in the development 
and sampling of wells. Field screening of the groundwater parameters shall be of sufficient 
quality to determine whether the aquifer has stabilized so that samples collected represent 
actual aquifer characteristics. 

• Land survey data will be conducted by a licensed land surveyor licensed in the State of 
Minnesota. The survey horizontal control will be referenced to the World Geodetic System 
of 1984 (World Geodetic System of 1984) datum, with horizontal coordinates provided as 
latitude and longitude pairs. Horizontal positions will be measured to within 0.5 meter 
accuracy. Vertical control will be North American Vertical Datum 1988 with elevations 
reported in feet. The top of concrete elevation at each boring will be measured to an 
accuracy of 0.1 feet; however the elevation of monitoring will riser casings will be measured 
to an accuracy of 0.01 feet. The survey may be conducted using both global positioning 
system and Total Station techniques. 
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Field Data Logs - All sample information will be transcribed into a field logbook and/or onto 

field data sheets. 

Analytical Laboratory Sample Management-The sample matrix, number of samples, and number 

and type of laboratory QA/QC samples are summarized in Worksheets #18, #19, #20, and #30. 

Also included are details on the analytical group, sample volumes, sample container specifications, 

preservation requirements, and holding times. 

The laboratory will ·provide electronic data deliverable files, portable document format files of the 

data deliverables for all project data, and a hard copy of data deliverables for all results. 
Designated samples will be used to obtain necessary subsamples for laboratory QC measurements 

(i.e., analytical sample duplicate and sample MS/MSD). Tasks will be completed using the 
laboratory SOPs. 

Resolution Consultants will provide data validation services and verify and evaluate the usability of 

the data as described in Worksheets #34 through #36. 

Portable document format copies of all analytical data packages will be stored on CD-ROM, archived 

in the Naval Facilities, Atlantic Administrative Record, and uploaded onto the Naval Installation 

Restoration Information Solution (NIRIS) system. All other data generated in the field and reports 

generated for the project will be stored as computer readable data files by Resolution Consultants. 

The primary goal of the project is to define the source areas for TCE under the NIROP building. 

Thus, samples are being collected in areas where high concentrations of TCE and its degradation 

products are expected to be encountered. These high concentrations have the potential to 

contaminate the analytical instrumentation if analyzed undiluted. To avoid this, the laboratory will 
provide results for voes within the instrument calibration range, and, if not-detected, at a limit of 
quantitation (LOQ) less than the PAL for water samples and the ·industrial SRV for soil samples. 
However, in cases where high concentrations of TCE or other voes are present, the PALs may not 
be achievable. In these cases, the laboratory will use the lowest dilution possible to report TCE and 
other high concentration voes within the instrument calibration range. Following a successful 

quantitation of these high analytes, the laboratory will then run a second lower dilution at 10 times 

less than the highest dilution required to quantify all other voes. Soil LOQs listed will also be 
adjusted for moisture content. 

The PAL for vinyl chloride in water (0.2 microgram per liter (µg/L) is less than the proposed 

laboratory limit of detection (LOD) of 0.5 µg/L. This LOD is considered acceptable because the goal 

for the project is to identify TCE source material to allow evaluation of potential remedial actions. 
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The focus of the project is to identify areas of high TCE concentration (above approximately 500 
µg/L) rather than to delineate areas to the PALs, which was already completed as part of the RI. 
Vinyl chloride results will be used to provide information regarding current concentrations for this 
TCE breakdown product and its location throughout the investigation area. Non-detects will be 
highlighted in the final report to indicate that the LOD is not less than the PAL so that areas of non
detect are not mistakenly interpreted as clean. Vinyl chloride is included in the annual monitoring 
program with an LOD less than the PAL; thus, groundwater is being monitored through alternative 
studies at concentrations to be protective of human health. 

If the investigation results indicate the definitive presence of a source area with conditions 
favorable for remediation, then remedial options will be evaluated and a work plan for bench scale 
testing, likely consisting of injection of EZVI, will be prepared. 

If no clear treatable source is identified, then results will be reviewed to determine if further 
investigation could be used to identify treatable source material or if contamination has dispersed 
to a point where alternate remediation techniques may be preferred. 

If subsurface conditions limit the depths achievable using the recommended direct sensing 
equipment and direct push drilling techniques, then the drilling approach may be modified to 
include larger drill rigs, modified direct sensing equipment, or a change in the overall scope of 
work. 

11.9 How "Good" do the Data Need to be in Order to Support the Environmental 
Decisions? 

In order to support the environmental questions being asked, the data needs to be of sufficient 
quality to meet the performance measures which include precision, accuracy, comparability 
representativeness, completeness, and sensitivity described in this SAP. 

11.10 Data Collection Plan 
Data collection will follow a phased approach outlined in the sampling design and rationale 
presented in Worksheet #17. Data from each phase will be reviewed to identify data gaps and 
determine if contingency borings are needed. Following the MIP, vertical profile, and contingency 
borings, the data will be comprehensively reviewed to aide in the selection of monitoring well 
locations and depths. Sampling procedures are described in site-specific SOPs included in Appendix 
B. Resolution Consultants will collect or oversee the collection of all field measurements and 
samples. 
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MIP screening for voes and EC for particle size will be performed by Vironex, Inc. of Golden, 

Colorado. 

Boring advancement and groundwater sample collection using the Geoprobe macro-core soil 
sampling and temporary screen point groundwater sampling systems will be performed by Matrix 

Environmental LLC of Maple Grove, Minneapolis. 

Groundwater monitoring wells will be installed and developed by Mateco Drilling Company of 

Rockford, Michigan. 

TriMatrix Laboratories in Grand Rapids, Michigan {TriMatrix) will analyze all soil and groundwater 

samples collected by field personnel. 

Boring and monitoring well surveying will be completed by Harry S. Johnson Co of Bloomington, 

Minnesota. 

11.11 Reporting 

·Results for the project will be presented in the "Source Area Investigation Report for Remedial 

System Optimization" following the completion of the project tasks included in this SAP. This report 

will be submitted as draft, draft final, and final. 

The report will include: 

• A table of contents. 

• A schedule of work as completed. 

• Methodology. 

• Narrative. 

• Deviations from the SAP. 

• MIP data logs and figures. 

• Boring and well logs. 

• Three cross sections illustrating MIP data, lithology and vertical profile sample results. 
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• Site figures including: site plan, cross-sections (with geologic, hydrogeologic, and 
contaminant distribution), potentiometric surface plan, contaminant distribution plans (soil 
and groundwater), and other figures if needed to depict site conditions. 

• Photographs. 

• Analytical data tables comparing results to regulatory criteria (Worksheet #15). 

• Testing, transportation and disposal documentation associated with the IDW. 

• Data validation results. 

• Recommendations. 

Revisions to the report will include preparation of a "Response to Comments" memo that itemizes 

comments received and proposed changes. 
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SAP WORKSHEET #12: FIELD QUALITY CONTROL SAMPLES 
(UFP-QAPP Manual Section 2.6.2) 

Measurement Performance Criteria Table - Field QC Samples for Groundwater Samples 

QC Sample 

Data Quality 
Measurement Assesses Error for 

QC Sample Analytical Group Frequency Performance Sampling (S), 
Indicators Criteria<4 > Analytical (A) or 

both (S &A) 
One per cooler 

Accuracy/Bias/ 
No analytes > 1/2 

to the LOQ, except 
Trip Blanks voes laboratory Contamination/ common lab S&A 

containing Representativeness contaminants, which 
volatiles must be< LOQ 

voes 
Field Field duplicates to be 

Duplicates preferentially collected from a One per 10 field Values > SX LOQ: 
from Vertical consistent interval (at 7 feet samples Precision RPO must be :s30 <1> 

S&A 
Profiling below the water 
Borings table) <3l 

Field 
Duplicates voes, sulfate, nitrate, total One per 10 field Values > SX LOQ: from and dissolved iron, samples Precision RPO must be :s30 <1> 

S&A 
Monitoring methane/ethane/ethene : 

Wells 
One per 20 field 

Accuracy /Bias/ 
No analytes > 1/2 

Equipment voes, sulfate, nitrate, total samples per LOQ, except 
Rinsate and dissolved iron, matrix per Contamination/ common lab S&A 
Blanks methane/ethane/ethene sampling Representativeness contaminants, which 

eauioment<2> must be< LOO 
Matrix 

voes, sulfate, nitrate, total Spike/Matrix One pair per 20 Accuracy /Bias/ 
Spike and dissolved iron, field samples 

See Appendix C S&A 
methane/ethane/ethane Precision 

Duplicate 
Laboratory voes, sulfate, nitrate, total One per 

Control and dissolved iron, preparatory Accuracy See Appendix C A 
Samples methane/ethane/ethane batch 

No analytes detected 
>1/2 LOQ and 

> 1/10 the amount 
measured in any 

sample or 1/10 the 
regulatory limit 

Laboratory voes, sulfate, nitrate, total One per 
(whichever is 

Method and dissolved iron, preparatory Accuracy greater). Blank A result.must not 
Blanks methane/ethane/ethane batch otherwise affect 

sample results. For 
common laboratory 
contaminants, no 
analytes detected 

>LOQ (see Box D-1 
in QSM V4.2). 

Surrogate 
All field and QC 

Spike voes Accuracy See Appendix C A 
Recoveries samples 
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QC Sample 

Reporting 
Limit 

Verification 

Cooler 
Temperature 

Indicator 

Notes: 
(1) 

(2) 

(3) 

(4) 

DoD QSM 

LOQ 
QC 
RPD 
voes 

Measurement Performance Criteria Table - Field QC Samples for Groundwater Samples 

QC Sample 

Data Quality 
Measurement Assesses Error for 

Analytical Group Frequency Performance Sampling (5), 
Indicators Criteria<4> Analytical (A) or 

·both CS &Al 

voes, sulfate, nitrate, total 
The lowest standard 

Once per initial Sensitivity concentration at or 
and dissolved iron, 

calibration below the laboratory 
A 

methane/ethane/ethane limit of auantitation 
voes, sulfate, nitrate, total Temperature less 

and dissolved iron, One per cooler Representativeness than 6 degrees s 
methanelethanelethene Celsius 

If duplicate values are less than five times the LOQ, the absolute difference should be less than or equal to two 
times the LOQ. 
Equipment rinsate blanks will be collected if decontamination is required and will not apply if dedicated equipment is 
used. 
The interval 7 feet below the water table is being targeted for duplicate sample collection to maintain consistency 
with the groundwater data collected in 1997. The goal is to obtain a reliable data set at one depth across the site. 
Control limit provided in Appendix C are those specified in Appendix G of the DoD QSM, Version 
4.2, where available. 
Department of Defense Quality Systems Manual for Environmental Laboratories, Version 4.2, October 2010, or most 
recent version at the time of sampling. 
limit of quantitation 
quality control 
Relative percent difference 
volatile organic compounds 
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Measurement Performance Criteria Table - Field QC Samples for Soil Samples 

Measurement QC Sample Assesses 

QC Sample 
Analytical Frequency Data Quality Performance Error for Sampling 

Group Indicators Criteria<2> 
(S), Analytical (A) or 

both (S &A) 

One per cooler to Accuracy /Bias/ No analytes > 1/2 LOQ, 
except common lab 

Trip Blanks voes the laboratory Contamination/ contaminants, which 
S&A 

containing volatiles Representativeness must be< LOO 
voes, Toe, 

One per 10 field Values > SX LOQ: RPD 
Field Duplicates Iron 

samples 
Precision must be :S so0 J 

S&A 

Matrix Spike/Matrix 
VOCs, Iron 

One pair per 20 Accuracy /Bias/ 
See Appendix C S&A 

Spike Duplicate field samples Precision 

Laboratory Duplicate TOC 
One per Precision RPO 20% A 

preparatory batch 

Laboratory Control voes, Toe, One per Accuracy See Appendix C A 
Samples Iron preparatory batch 

No analytes detected > 
1/2 LOQ and 

> 1/10 the amount 
measured in any sample 
or 1/10 the regulatory 

limit (whichever is 
Laboratory Method voes, Toe, One per Accuracy greater). Blank result 

A 
Blanks Iron preparatory batch must not otherwise 

affect sample results. 
For common laboratory 

contaminants, no 
analytes detected > 
LOQ (see Box D-1 in 

OSM V4.2). 

Surrogate Spike 
voes 

All field and QC Accuracy See Appendix C A 
Recoveries samples 

The lowest standard 
Reporting limit voes, Toe, Once per initial Sensitivity concentration at or 

A 
Verification Iron calibration below the laboratory 

limit of auantitation 

Cooler Temperature voes, Toe, One per cooler Representativeness 
Temperature less than 6 

A 
Indicator Iron degrees Celsius 

Notes: 
(1) If duplicate values are less than five times the LOQ, the absolute difference should be less than or equal to two 

times the LOQ. 
(2) 

LOQ 
QC 
RPO 
TOC 
voes 

Control limit provided in Appendix C are those specified in Appendix G of the Department of Defense Quality 
Systems Manual (QSM), Version 4.2, where available. 
limit of quantitation 
quality control 
relative percent difference 
total organic carbon 
volatile organic compounds 
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SAP WORKSHEET #13: SOURCES OF SECONDARY DATA CRITERIA AND LIMITATIONS 

TABLE 
(UFP-QAPP Manual Section 2. 7) 

Secondary Data Criteria and Limitations Table 

Secondary Data Data Source Data How Data Will Be Used 
Limitations on 

Generator(s) Data Use 

A-E Quality Control Summary 
Basis for estimating the 

Report for Well Installation 
and Groundwater and Soil 

quantity and distribution 

Grain Size Sampling at the Naval 
of emulsified zero valent 

Distribution Industrial Reserve Ordnance 
RMT, Inc. iron that could be applied None 

Plant, Fridley, Minnesota 
in the subsurface during 
pilot testing and/or full-

(RMT, Inc. 1991) 
scale implementation. 

N91192.AR.000079 
Source Investigation Map 

Prior Source Area Methodology, February 2012 
Navy 

Basis for locating vertical 
None 

Characterization for summary / interpretation profile borings. 
of historic data 

Remedial Investigation for 
Any limitations 

cited in the 
Soil and 

Operable Unit 3 Naval Tetra Tech Incorporate into site 
report will be 

Groundwater Data 
Industrial Reserve Ordnance Pittsburgh, figures and discussion, as 

considered 
Plant Fridley, Minnesota, Pennsylvania appropriate. 

limitations for 
April 2002 

this investiqation. 
2011 Annual Monitoring 

Tetra Tech NUS, 
Report, Naval Industrial 

Inc. 
Incorporate into site 

Groundwater Data Reserve Ordnance Plant 
Pittsburgh, 

figures and discussion, as None 
Fridley, Minnesota, appropriate. 

November 2012 
Pennsylvania 

Vertical 
Technical Memorandum 

AGVIQ-CH2M 
"Discrete Groundwater 

Distribution of 
Sampling Results, Naval 

HILL Incorporate into site 
Chlorinated Solvent 

Industrial Reserve Ordnance 
Constructors, figures and discussion, as None 

Locations in 
Plan" Fridley, Minnesota, 

Inc. Joint appropriate. 
Groundwater 

August 31 2012 
Venture III 
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SAP WORKSHEET #14: SUMMARY OF PROJECT TASKS 

(UFP-QAPP Manual Section 2.8.1) 

The project tasks for the NIROP source area groundwater investigation are as follows. 

• Investigation Support Tasks Section 14.1 

• Field Tasks Section 14.2 

• Analysis and QC Tasks Section 14.3 

• Data Management and Records Tasks Section 14.4 

The health and safety considerations for the work associated with this plan, including both potential 

physical and chemical hazards, are addressed in the Site-Specific Health and Safety Plan, to be 

submitted under separate cover. 

14.1 Investigation Support Tasks 

Logistical tasks required to support the field effort are described below. 

14.1.1 Site Access and Mobilization/Demobilization 

BAE is engaged in the development, delivery, and support of advanced defense, security and 

aerospace systems and many areas of the building require security clearance. Security 
requirements will be confirmed before initiating on-site work, but it is assumed that a birth 

certificate or confirmation of U.S. citizenship is required for all on-site personnel to work at the site. 

Mobilization will consist of the delivery and secure storage of necessary equipment, materials, and 

supplies, along with the acquisition of personnel and vehicle access badges. The Resolution 
Consultants Field Operations Leader (FOL) or designee will coordinate with the Navy RPM to 

identify appropriate locations fQr the temporary storage of equipment and supplies. Fieldwork will 
be conducted in four separate phases as described below; After each phase, any equipment or 
IDW to remain on site will be secured. Final demobilization will consist of the prompt and timely 
removal of equipment, materials, and supplies from the site, at the completion of fieldwork. 
Demobilization also includes the cleanup and removal of waste generated during the investigation. 

14.1.2 Utility Clearance 

A minimum of two weeks prior to the commencement of any intrusive activities, 

Resolution Consultants will coordinate utility clearance with the property owner, the Navy, and the 

Gopher State One Call public utility locating service. A private utility locator may also be contracted 
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to locate private utilities at the site. The Resolution Consultants FOL will document the utility 

clearance process. 

14.1.3 Coring Through Building Foundation 

Concrete within the building is estimated to be up to approximately 1-foot thick. The concrete floor 
will be cut using a concrete coring drill by either the drilling subcontractor or other subcontractor 
prior to boring advancement. 

14.2 Field Tasks and Quality Control 

Field tasks will be overseen and documented on a daily basis. This will include maintenance of a 
daily log book(s) to document site conditions, on-site personnel, visitors to the site, work tasks 

completed, etc. At the conclusion of each work day, a diagonal line will be drawn across the 

unused portion of the log book page, signed, and dated to document the end of the days field 

activities. 

14.2.1 Field Tasks 

Tasks to be completed for the source area groundwater investigation are presented below. 

• Completion of eight MIP borings continuously screened for voes and particle size from 
surface to approximately 80 feet bgs. Borings will be advanced commencing from 
downgradient to upgradient, to minimize potential cross-contamination resulting from voes 
liberated during penetration of finer-grained stratigraphic units. 

• Completion of 27 vertical profile borings consisting of two separate side-by-side borings per 
location. The first boring consists of continuous direct push soil sampling with macro-core 
sampler to approximately 80 feet bgs to obtain stratigraphy. Vadose zone soil samples will 
be collected for voe laboratory analysis every 5 feet from six vertical profile borings near 
the East Plating Room. The second side-by-side boring consists of groundwater sampling 
approximately every 5 feet using a retractable screen point sampler. All stratigraphic soil 
borings shall be completed prior to groundwater sampling in order to allow dissipation of 
any voes liberated during penetration of finer grained stratigraphic units. 

• Completion of three' vadose zone soil borings near the East Plating Room consisting of 
continuous soil sampling to the water table (approximately 20 feet bgs) with four analytical 
soil samples per boring. 

• Flexibility within the field program will be achieved by reviewing the .results of the MIP and 
vertical profile programs with the partnering team and obtaining consensus on the need for 
relocating or conducting additional explorations. This will include up to five vertical profile 
contingency borings. 
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• Installation and development of three monitoring wells. Nine soil samples will be collected 
from the three monitoring well soil borings (three samples per monitoring well boring) for 
voe laboratory analysis. See Section 17.5.2 for information on well construction. 

• Survey all MIP borings, vertical profile borings, and monitoring wells. 

• Collection of groundwater samples at the three newly installed monitoring wells for analysis 
of voes, sulfate, nitrate, total and dissolved iron, methane, ethane, and ethene. In non
VOC sample containers approximately 10 percent of the sample container shall be unfilled to 
compensate for changes in pressure and temperature during shipping. 

• Decontamination and site restoration. 

• Waste handling. 

• Completion of field documentation. 

Sampling rationale, well construction details, and approach for the source area 'investigation is 

presented in Worksheet #17. Specific samples are listed in Worksheet #18. 

At each vertical profile location, two side-by-side borings will be completed: the first boring to 

collect and log soil samples and the second boring to collect groundwater samples. To minimize 

the potential for the soil borings to affect the groundwater sample boring, to the extent practical, 

the soil borings will be: 

• Located hydraulically downgradient from the groundwater borings; 

• Conducted approximately two weeks before the groundwater borings at a given location; 
and 

• Abandoned with high solids bentonite, without the use of concrete, immediately after 
completing the boring. 

In the soil boring, soil samples will be collected continuously from the ground surface to the 
termination depth using Geoprobe macro-core soil sampler with new disposable liners. A geologist 

will record the lithology of the soil samples on the boring log sheet, including the borehole location; 

drilling information; and sampling information such as sample intervals, recovery, and sample 
description information. Samples from the soil core will also be carefully screened with a PIO on 
approximately 1-foot intervals and the results recorded on the boring log sheet. For borings SB-
102 through SB-104 ahd VP-4 through VP-9 near the East Plating Room, vadose zone soil samples 

will collected approximately every 5 feet for laboratory voe analysis. The decision rule for sample 
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selection will be to select the segment of the core that reflects the highest level of impact for 

laboratory analysis. The primary criteria for sample selection will be visual NAPL observations, 
discoloration associated with reduced conditions, and PID screening. If the primary criteria do not 

suggest a specific zone with greater impact in the soil core, then secondary criteria, geologic 
observations (e.g., soil contacts, water table, etc.) will be used to identify the specific sample 
location. In addition, up to 10 additional soil samples will be collected from the vadose zone or 

beneath the water table for TOe and iron analysis, at the discretion of the field geologist. In these 
non-voe sample containers approximately 10 percent of the sample container shall be unfilled to 

compensate for changes in pressure and temperature during shipping. The decision criteria for 

these samples is to obtain laboratory data from a range of soil types and depths. In the remaining 

borings, no vadose zone samples will be collected for laboratory analysis. During advancement and 
logging of the soil borings, the field geologist will note the thickness of fine grained silt and clay 

"confining" layers beneath the water table. For fine grained layers greater than 5 feet thick, the 
field geologist may collect a soil sample beneath the water table for voe analysis since a 

groundwater sample cannot practically be collected from these fine grained units with a screen 

point sampler. Soil data collected beneath the water table will be used to help design potential 
remedial actions and clarify contaminant source areas. 

Logging by the field geologist will be conducted as outlined in SOP 3-16 (Appendix B). The PID will 
be operated and calibrated as outlined in SOP 3-20 (Appendix B). Soil samples will be collected for 
laboratory analysis in accordance with procedures in SOP 3-21 (Appendix B). 

For the second side-by-side boring at each location, up to 12 discrete groundwater samples will be 
collected from each vertical profile boring. One groundwater sample from each boring will be 

collected from approximately 7 feet below the observed water table and the remaining samples will 

be collected approximately every 5 feet. The remaining groundwater sampling locations will be 

selected to provide a vertical profile of the groundwater conditions in the source areas. As such, 
the decision criteria for groundwater sample collection will focus on areas of high MIP or PID 
response, areas above and below fine grained "confining" layers, and at the bottom of the boring. 
However, due to the short intervals between groundwater samples (5 feet) and the length of the 
sampling screen (3 feet), only minor adjustments to the groundwater sample depth will be made. 

The short sampling interval will enable a detailed assessment of the groundwater profile at each 
boring location. Groundwater samples will not be collected from fine grained units (e.g., silt and 

clay) due to time limitations and equipment limitations. Groundwater samples will be collected in 
accordance with the Geoprobe screen point sampler recommendations using a bladder pump (see 
Appendix D for Geoprobe screen point sampler SOP). 
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Groundwater sampling. will be performed as follows. 

• The boring will be advanced to the deepest groundwater sampling interval. The temporary 
well screen will then be exposed by retracting drill casing 3 feet (both Geoprobe SP 16 and 
SP 22 models of screen point samplers will be available for use during sampling and the 
most effective will be utilized). 

• Clean, dedicated sample tubing and bladder pump will then be placed in the drill casing to 
the approximate mid-point of the temporary screen. 

• The water will be pumped using a bladder pump until water clarity improves or 1 to 2 liters 
of water have been evacuated (field geologist will use professional judgment to determine 
when adequate purging has been completed). 

• At the conclusion of purging, the sample will be collected directly into the pre-cleaned 
laboratory supplied volatile organic analysis vials. After sample collection, the container will 
be inspected for the presence of bubbles. If bubbles are observed, the sample shall be 
discarded and a new sample collected. If effervescence within the sample container 
continues to generate bubbles, the sample will be collected in an unpreserved sample 
container. The laboratory will be notified of this situation, as it will shorten the sample hold 
time. 

• Upon completion of sampling, the tubing will be withdrawn and disposed. The bladder 
pump will be decontaminated and the drill casing, with exposed well screen, will be 
withdrawn to the next sample interval where sampling will again be conducted using the 
same method as outlined above. 

• If the well screen is pulled through a thick fine-grained soil sequence (5 feet or thicker), the 
entire drill string will be withdrawn to the ground surface so the tooling, including the well 
screen can be decontaminated before re-advancing the tooling, with retractable well screen, 
to the desired sample depth, where the next sample will be collected. 

<, 

• Note that groundwater samples will be collected approximately every 5 feet. However, no 
groundwater samples will be collected from fine grained (silt or clay) units of approximately 
5-foot thickness or greater. In lieu of collecting groundwater samples from fine-grained 
units of 5 feetin thickness or greater, the field geologist will collect a soil sample from these 
units for voe analysis during advancement of the first soil boring as previously described. 

Based on USEPA and MPCA concerns, the Navy will consider using the "bottom down" sampling 
approach with decontamination of the screen point sampler between each sampling depth in the 

borings near the East Plating.Room. This decision will be made by the field crew based upon the 
MIP responses, the thickness and frequency of fine grained soil units encountered, and the drilling 

conditions encountered/ drilling depths achievable. 
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Equipment blanks will be performed at a rate of approximately 1 per 20 vertical profile groundwater 
samples (approximately 17 equipment blanks). Equipment blanks will be collected prior to initiation 
of a boring by pumping distilled water through the screen point sampler and bladder pump and 

tubing and placed directly into laboratory supplied containers. Sampling equipment will be 

decontaminated between boring locations as outlined in SOP 3-06 (Appendix B). 

Groundwater samples and equipment blanks will be submitted to TriMatrix for laboratory analysis of 
voes by Method 82608. Borings will be abandoned in accordance with MOH regulations 

immediately after advancement. 

14.2.2 Quality Control Tasks - Field 

The MIP will be calibrated daily, before use, in the middle of the day and at the end of day in 

accordance with the manufacturer's instructions. It is anticipated that two borings will be completed 
per day, so the mid-day calibration will be completed between boring locations. If calibration fails, 

results will need to be evaluated to determine which, if any, borings need to be redone. 

All other field instruments will be calibrated daily, before use, and will be performed in accordance 

with the manufacturer's instructions. 

14.3 Analytical Laboratory Tasks 

Chemical analysis of groundwater will be performed by a subcontracted laboratory, TriMatrix. 

TriMatrix is MOH and OoO ELAP-accredited and their certificates are in Appendix C. Analyses will 
be performed in accordance with the analytical methods identified in Worksheets #23 and #30. 

Tri Matrix will strive to meet the PALs shown in Worksheet # 15 and will perform chemical analyses 
following laboratory-specific SOPs cited on Worksheet #23 and provided . in Appendix C. The 

laboratory accreditation will be verified prior to the commencement of the field sampling effort to 
verify that the accreditations are current. 

14.4 Data Management and Record Tasks 
14.4.1 Documentation and Records 

The PM will maintain project files which include, but are not limited to, project plans and 
specifications, maps and drawings, field forms, chain-of-custody (COC) records, laboratory 

analytical data packages, technical reports, correspondence, survey data, and other pertinent 
information. The project files will be maintained at the PM's office for the duration of the project. 
Laboratory data packages, survey data, reports and correspondence will also be maintained in 

NIRIS. 
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14.4.2 Analytical Data Packages 

All analytical data packages for samples analyzed to either aid in defining the source area (VOCs), 

provide information on soil conditions (iron and TOC), or provide information on groundwater 

conditions (sulfate, nitrate, total and dissolved iron, methane, ethane and ethane) will be a legally 
defensible data package (typically referred to as USEPA Level IV). The package must allow 

complete reconstruction of the analytical test results to include but not limited to: results, units, 
percent moisture, dilutions, analytical batches, LOQs, LODs, summary QC information, laboratory 
control limits, initial and continuing calibration information, instrument chromatograms, and 
laboratory bench sheets. 

Data packages for samples collected for IDW management and waste disposal will include summary 

QC information to include method blanks, surrogate, recoveries, and laboratory control sample 

(LCS) recoveries. Validation is not required for samples used for waste characterization and IDW 
management and the USEPA Level II data package is adequate. 

14.4.3 Assessment/ Audit Tasks 

The FOL will review sample collection informatioo, COC forms and field forms for compliance with 
this SAP on a daily basis. The analytical laboratory is accredited under DoD ELAP and is certified by 

the MDH. 

14.4.4 Data Review Tasks 

The analytical laboratory will verify that all data are complete for samples received. 

All data will be verified by Resolution Consultants for compliance with the project specific MPC. 

Resolution Consultants will validate 10 percent of the voe data at a level IV validation and the 
remaining 90 percent at a Level III as outlined in Worksheet #34-36. For each mobilization, the 

first 10 percent of the data submitted will undergo a Level IV data review. If there are no gross 

errors associated with the data, then the remaining data will undergo Level III validation. If gross 
errors are noted in the first 10 percent of the data validated, then Level IV data validation will 
continue until the issues have been resolved. Data defined as screening data on Wor~heet #23 

will undergo Level III validation only (i.e. results will not be recalculated). No validation will be 
performed for IDW samples used for disposal decisions. Validation personnel will be independent, 
and not employed by the laboratory analytical subcontractor. Validation will be conducted using 
general guidance . in USEPA's Contract Laboratory Program National Functional Guidelines for 
Superfund Organic Methods Data Review (2008) and Contract Laboratory Program National 

Functional Guidelines for Inorganic Superfund Data Review (2010) as applicable. 
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Analytical results will be validated before any decisions based on the data are made. 

14.4.5 Data Tracking 

Data are tracked from generation to archiving in the Resolution Consultants project-specific files. 

The Resolution Consultants PC (or designee) is responsible for tracking the samples collected and 

shipped to the laboratory. Upon receipt of the data packages from the laboratory, the 

Resolution Consultants PC will monitor the data validation effort, which includes verifying that the 

data packages are complete and results for all samples have been delivered by the laboratory. 

14.4.6 Electronic Data 

All electronic data will be compiled into a NIRIS Electronic Data Deliverable and loaded into the 

NIRIS database. The Resolution Consultants Data Manager maintains the electronic data files, and 

access to the data files is restricted to qualified personnel only. File and data backup procedures 

are routinely performed. 
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SAP WORKSHEET #15: REFERENCE LIMITS AND EVALUATION TABLES 
(UFP-QAPP Manual Section 2.8.1) 

15.1 Reference Limits and Evaluation Tables for Groundwater Samples 

Matrix: Groundwater 

Analytical Group: All 

Project Project 
Project Laboratory Laboratory Laboratory Action 

Analyte CASNo. Action Level Quantitation Limit of Limit of Detection 
Level Limit Goal Quantitation1 Detection1 Limit1 

(µg/L) Source (IJQ/L) (µg/L) (µg/L) (µg/L) lua/L) 
voes: 
1,1, 1-Trichloroethane 71-55-6 200 MCL 40 1 0.5 0.297 

1, 1-Dichloroethane 75-34-3 100 RAA 20 1 0.5 0.279 

1, 1-Dichloroethene 75-35-4 7 MCL 1.4 1 0.5 0.207 

cis-1,2-Dichloroethene 156-59-2 50 HRL 10 1 0.5 0.202 
Tetrachloroethene 127-18-4 5 HRLIMCL 1 1 0.5 0.16 
trans-1,2-Dichloroethene 156-60-5 40 HRL 8 1 0.5 0.218 
Trichloroethene 79-01-6 5 HRL/MCL 1 1 0.5 0.244 
Vinyl chloride 75-01-4 0.2 HRL 0.04 

..,.~ ~ 

.·f. ~~ o's:·· ... ,. 
•:: 0~13'5 " . ,. .. 

-
Non-voe Analytes: 

Sulfate 18785-72-3 -- -- 2000 2000 1000 237 
Nitrate 14797-55-8 10,000 HRL/MCL 100 100 50 12.6. 
Total Iron 7439-89-6 -- -- 10 10 10 6.53 
Dissolved Iron 7439-89-6 -- -- 10 10 10 6.53 

Methane 74-82-8 -- -- 0.5 0.5 0.47 0.145 
Ethane 74-84-0 -- -- 1 1 0.91 0.242 
Ethene 74-85-1 -- -- 1 1 0.84 0.248 

Notes: 
1 Laboratory quantitation, detection, and method detection limits, provided by TriMatrix Laboratories, are targets that are 
achievable under optimal conditions and may vary during the course of the project. Physical characteristics, such as matrix 
interference or dilutions due to high sample concentration, will affect the actual limits achieved. 

Bolded/Shaded = Limits of quantitation and limits of detection exceed project action limit. The results will be used for 
decision making as long as values below the limits of quantitation are "J" qualified and discussed in the uncertainties section 
of the report. 

HRL = 
CAS = 
MCL = 
RAA= 
µgll = 
VOC= 

no criteria listed 
health risk limit 
Chemical Abstract Service 
maximum contaminant level 
risk assessment advice 
microgram per liter · 
volatile organic compound 
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15.2 Reference Limits and Evaluation Tables for Soil Samples 

Matrix: Soil 

Analytical Group: All 

Project Project 
Project Laboratory Laboratory Laboratory Action 

Analyte CAS No. Action Level Quantitation Limit of Limit of Detection 
Level Limit Goal Quantitation1 Detection1 Limit1 

(mg/kg) Source (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

voes: 
1, 1, !-Trichloroethane 71-55-6 472 SRV 94 0.05 0.025 0.0069 

1, 1-Dichloroethane 75-34-3 55 SRV 11 0.05 0.025 0.0109 

1, 1-Dichloroethene 75-35-4 60 . SRV 12 0.05 0.025 0.0105 
cis-1,2-Dichloroethene 154-59-2 22 SRV 4.4 0.05 0.05 0.0113 

Tetrachloroethene 127-18-4 131 SRV 26 0.05 0.05' 0.0138 
trans-1,2-

156-60-5 33 SRV 6.6 0.05 0.05 0.0116 Dichloroethene 

T richloroethene 79-01-6 46 SRV 9.2 0.05 0.025 0.0106 

Vinyl chloride 75-01-4 2.2 SRV 0.44 0.05 0.025 0.0084 
Non-voe Analytes: 
Iron 7439-89-6 75,000 SRV 15000 5 1 0.619 
Total organic carbon 7440-44-0 -- -- 1,000 1,000 200 173 

Notes: 
1 Laboratory quantitation, detection, and method detection limits, provided by TriMatrix Laboratories, are targets that are achievable under 
optimal conditions and may vary during the course of ttie project. Physical characteristics, such as matrix interference, moisture content, or 
dilutions due to high sample concentration, will affect the actual limits achieved. 

'-- + 
CAS = 
mg/kg= 
SRV = 
voe= 

No criteria listed 
Chemical Abstract Service 
milligram per kilogram 
soil reference value 
Volatile organic compound 
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15.3 REFERENCE LIMITS AND EVALUATION TABLES FOR IDW SAMPLES 

Matrix: Investigation-Derived Waste - Soil or Water 

Analytical Group: All for contaminant extent 

CAS 
Project Project Action 

Analyte Units Action 
Number Level 

Level Source 

TCLP Volatile Organic Compounds 

1, 1-Dichloroethene 75-35-4 µgll 700 CFR 261.24 

1,2-Dichloroethane 107-06-2 µg/L 500 CFR 261.24 

2-Butanone (MEK) 78-93-3 µg/L 200000 CFR 261.24 

Benzene 71-43-2 µg/L 500 CFR 261.24 

Carbon tetrachloride 56i23-5 µg/L 500 CFR 261.24 

Chlorobenzene 108-90-7 µg/L 100000 CFR 261.24 

Chloroform 67-66-3 µg/L 6000 CFR 261.24 

Tetrachloroethene 127-18-4 µg/L 700 CFR 261.24 

T richloroethene 79-01-6 µg/L 500 CFR 261.24 

Vinyl chloride 75-01-4 µg/L 200 CFR 261.24 

TCLP Semivolatile Organic Compounds 

1,4-Dichlorobenzene 106-46-7 µg/L 7500 CFR 261.24 

2, 4,5-Trichlorophenol 95-95-4 µg/L 400000 CFR 261.24 

2,4,6-Trichlorophenol 88-06-2 µg/L 2000 CFR 261.24 

2,4-dinitrotoluene 121-14-2 µg/L 130 CFR 261.24 

2-Methylphenol 95-48-7 µg/L 200000 CFR 261.24 

4-Methylphenol 8001-28-3 µg/L 200000 CFR 261.24 

Hexachlorobenzene 118-74-1 µg/L 130 CFR 261.24 

Hexachlorobutadiene 87-68-3 µg/L 500 CFR 261.24 

Hexachloroethane 67-72-1 µg/l 3000 CFR 261.24 

Nitrobenzene 98-95-3 µg/L 2000 CFR 261.24 

Pentachlorophenol 87-86-5 µg/L 100000 CFR 261.24 

Pyridine 110-86-1 µg/L 5000 CFR 261.24 

TCLP Metals 

Arsenic 7440-38-2 µg/L 5000 CFR 261.24 

Barium 7440-39-3 µg/l 100000 CFR 261.24 

Cadmium 7440-43-9 µg/L 1000 CFR 261.24 

Chromium 7440-47-3 µg/L 5000 CFR 261.24 

Lead 7439-92-1 µg/L 5000 CFR 261.24 

Mercury 7439-97-6 µg/l 200 CFR 261.24 

Selenium 7782-49-2 µg/L 1000 CFR 261.24 

Silver 7440-22-4 µg/l 5000 CFR 261.24 

WS15-3 

Project Laboratory 
Quantitation Limit of 

Limit Goal Quantitation1 

70 1 

50 1 

20000 50 

50 1 

50 1 

10000 1 

600 1 

70 1 

50 1 

20 1 

750 5 

40000 5 

200 5 

13 5 

20000 5 

20000 5 

13 5 

50 5 

300 5 

200 5 

10000 5 

500 50 

500 500 

10000 350 

100 50 

500 250 

500 250 

20 0.2 

500 200 

500 50 

Laboratory Laboratory 
Limit of Detection 

Detection1 Limit1 

0.5 0.207 

0.5 0.147 

2 1.62 

1 0.319 

1 0.229 

0.5 0.214 

1 0.255 

0.5 0.16 

1 0.244 

0.5 0.135 

0.5 0.197 

2.5 0.851 

2.5 0.992 

1 0.475 

2 0.475 

2 0.566 

1 0.627 

1 0.395 

1 0.418 

2 0.585 

5 1.26 

10 2.51 

100 35 

10 2.71 

10 3.52 

20 4.62 

so 14.6 

0.1 55.1 

100 32.6 

10 4.08 
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CAS 
Project 

Project Action Project Laboratory Laboratory Laboratory 
Analyte Units Action Quantitation Limit of Limit of Detection 

Number 
Level 

Level Source 
Limit Goal Quantitation1 Detection 1 Limit1 

TCLP Pesticides 

Chlordane (Technical) 12789-03-6 µglL 30 CFR 261.24 25 25 25 7.1 

Endrin 72-20-8 µglL 20 CFR 261.24 10 5 5 1.6 

Heptachlor 76-44-8 µglL 8 CFR 261.24 5 5 5 1.35 

Heptachlor epoxide 1024-57-3 µglL 8 CFR 261.24 5 5 5 1.6 

Lindane (gamma-BHC) 58-89-9 µglL 400 CFR 261.24 40 5 5 1.65 

Methoxychlor 72-43-5 µg/L 10000 CFR 261.24 1000 5 1 0.25 

Toxaphene 8001-35-2 µg/L 500 CFR 261.24 250 100 62.5 38.4 

Others 

PCBs (Soil) 1336-36-3 mg/kg 8 SRV 1 0.33 0.013 0.0069 

PCB-1016 12674-11-2 mg/kg 8 SRV 1 0.33 0.013 0.0017 

PCB-1221 11104-28-2 mg/kg 8 SRV 1 0.33 0.013 0.0021 

PCB-1232 11141-16-5 mg/kg 8 SRV 1 0.33 0.013 0.0021 

PCB-1242 53469-21-9 mg/kg 8 SRV 1 0.33 0.013 0.0069 

PCB-1248 12672-29-6 mg/kg 8 SRV 1 0.33 0.013 0.0025 

PCB-1254 11097-69-1 mg/kg 8 SRV 1 0.33 0.013 0.0034 

PCB-1260 11096-82-5 mg/kg 8 SRV 1 0.33 0.013 0.0028 

PCBs (Water) 1336-36-3 µg/L 0.5 MCL 0.5 0.2 0.08 0.0426 

PCB-1016 12674-11-2 µg/L 0.5 MCL 0.5 0.2 0.08 0.0299 

PCB-1221 11104-28-2 µg/L 0.5 MCL 0.5 0.2 0.08 0.0336 

PCB-1232 11141-16-5 µg/L 0.5 MCL 0.5 0.2 0.08 0.0426 

PCB-1242 53469-21-9 µg/L 0.5 MCL 0.5 0.2 0.08 0.0274 

PCB-1248 12672-29-6 µg/L 0.5 MCL 0.5 0.2 0.08 0.0211 

PCB-1254 11097-69-1 µg/L 0.5 MCL 0.5 0.2 0.08 0.0138 

PCB-1260 11096-82-5 µg/L 0.5 MCL 0.5 0.2 0.08 0.0234 

pH (Soil) NA pH Units 
>2 and 

CFR 261 0.1 0.1 NA NA 
Sl2.5 

pH Water)' NA pH Units 
>2 and 

CFR 261 0.1 0.1 NA NA 
Sl2.5 

Paint Filter Test NA milliliter - - - 1 NA NA 

Ignitability (Soil) NA OF NA N/A 68 68 NA NA 

Flashpoint (Water) NA Of 60 CFR 261 68 68 NA NA 

Notes: 
1 Laboratory quantitation, detection, and method detection limits, provided by TriMatrix Laboratories, are targets that are achievable under 
optimal conditions and may vary during the course of the project. Physical characteristics, such as matrix interference, moisture content, or 
dilutions due to high sample concentration, will affect the actual limits achieved. 

CAS = Chemical Abstract Service 
CFR = Code of Federal Regulations 
°F = degree Fahrenheit 
MCL = maximum contaminant level 
mg/kg = milligrams per kilogram 

NA = not applicable 
PCB = polychlorinated biphenyl. 
SRV = Soil Reference Value 
TCLP = toxicity characteristic leaching procedure 
µg/L = micrograms per liter 
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SAP WORKSHEET #16: PROJECT /TIMELINE TABLE 

(UFP-QAPP Manual Section 2.8.2) 

Activities Organization 

Prepare/Submit Internal Draft UFP SAP to Navy 
Resolution Consultants (draft revised after January 2013 meetinQ) 

Navy Internal Review of UFP SAP Complete Navy 

Prepare/Submit Draft UFP SAP to Navy, USEPA 
Resolution Consultants 

and MPCA 

Regulatory Review of Draft UFP SAP USEPA, MPCA 

Prepare/Submit response to comments Resolution Consultants 

Regulatory review of response to comments USEPA, MPCA 

Submit final response to comments UFP SAP Resolution Consultants 

Submit final UFP SAP Resolution Consultants 

Fieldwork: Eight MIP borings Resolution Consultants 

Fieldwork: 27 vertical profile borings and 3 Resolution Consultants shallow vadose zone borings 

Laboratory results TriMatrix Laboratories 

Data validation Resolution Consultants 

Review MIP results and soil and groundwater 
analytical results with partnering team. 
Determine if any additional borings are needed Navy, USEPA, MPCA 
to fill perceived data gaps. Determine monitoring 
well locations. 

Fieldwork: Complete any contingency borings to Resolution Consultants 
fill data qaos identified bv oartnerinQ team. 

Dates (MM/DD/VY) 

Anticipated Date(s) Anticipated Date of 
of Initiation Completion 

10/11/12 3/12/13 

3/12/13 4/19/13 

3/12/13 3/15/13 

3/15/13 4/25/13 

4/25/13 5/24/13 

5/24/13 5/28/13 

5/28/13 6/19/13 

6/19/13 7/1/13 

7/15/2013 7/19/13 

8/5/13 9/13/13 

7/21/13 10/4/13 
•' 

8/15/13 10/25/13 

10/7/13 10/18/13 
.. 

10/28/13 10/30/13 
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Deliverable Deliverable 
Due Date 

Internal Draft UFP SAP 3/12/13 

"Response to Navy NA Comments" 

Draft SAP 3/15/13 

NA NA 

"Response to USEPA/MPCA 
5/24/13 Comments" 

Conference Call to Discuss 5/28/13 

Final Response to Comments 6/19/13 

Final UFP SAP 7/1/13 

MIP Logs will be sent to Navy, 
7/22/13 MPCA and USEPA 

Boring Logs 10/1/13 

Laboratory data packages and 
10/4/13 electronic data deliverables 

Chemical Data Quality Review 
10/25/2013 Report 

Consensus on Locations for 
any additional borings to fill 

data gaps. Determine NA Monitoring Well Locations 
based on MIP and 

Groundwater Lab Data 

NA NA 
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Activities 

Fieldwork: Install 3 monitoring wells 

Fieldwork: Sample 3 monitoring wells 

Laboratory results from well installation and 
sampling 

Data validation 

Prepare/Submit Internal Draft Source Area 
Investiqation Report to Naw 
Navy Review of Internal Draft Source Area 
Investiqation Report 

Prepare Response to Navy Comments and 
Revised Draft Source Area Investigation Report 

Navy Review and Approval of "Response to 
Comments" and Revised Draft Source Area 
Investioation Reoort 
Prepare/Submit Draft Source Area Investigation 
Report to Naw. USEPA and MPCA 
Regulatory Review of Draft Source Area 
Investigation Report 

Prepare/Submit "Response to Comments" and 
Final Draft Source Area Investigation Report 

Regulatory Review of "Response to Comments" 
and Final Draft Source Area Investioation Reoort 
Prepare/Submit Final Source Area Investigation 
Reoort 
Notes-. 
MPCA = 
MIP = 
NA= 

Minnesota Pollution Control Agency 
membrane interface probe 
Not applicable 

Dates (MM/DD/VY) 

Organization Anticipated Date(s) Anticipated Date of 
of Initiation Completion 

Resolution Consultants 11118/13 11/22/13 

Resolution Consultants 12/6/13 12/6/13 

Tri Matrix 11/22/13 12/27/13 

Resolution Consultants 1/2/14 1/24/14 

Resolution Consultants 9/23/14 2/28/14 

Navy 2/28/14 3/14/14 

Resolution Consultants 3/14/14 3/28/14 

Navy 3/28/14 4/11/14 

Resolution Consultants 4/11/14 4/18/14 

USEPA, MPCA 4/18/14 5/18/14 

Resolution Consultants 5/18/14 6/18/14 

USEPA, MPCA 6/18/14 7/18/14 

Resolution Consultants 7/18/14 8/1/14 

UFP SAP = Uniform Federal Policy Sampling and Analysis Plan 
USEPA = United States Environmental Protection Agency 
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Deliverable Deliverable 
Due Date 

NA NA 

NA .NA 

Laboratory data packages and 
12/27/13 electronic data deliverables 

Chemical Data Quality Review 
1/24/14 Report 

Internal Draft Source Area 
2/28/14 Investigation Reoort 

NA NA 

"Response to Navy 
Comments" and Revised 

3/28/14 Internal Draft Source Area 
Investiqation Reoort 

NA NA 

Draft Source Area 
4/18/14 Investigation Report 

NA NA 

"Response to USEPA/MPCA 
Comments" and Final Draft 

6/18/14 Source Area Investigation 
Report 

NA NA 

Final Source Area 
8/1/14 Investiqation Report 
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SAP WORKSHEET #17: SAMPLING DESIGN AND RATIONALE 
(UFP-QAPP Manual Section 3.1.1) 

17.1 Sampling Approach 
As described in Worksheet # 10, the investigation is being conducted to define the nature and 
contaminant concentrations within the subsurface soil and groundwater at three potential source 

areas beneath the NIROP building, including shallow vadose zone soils near the East Plating Room. 

The sampling locations will be biased toward the suspected source areas and downgradient flow 
paths identified during previous soil and groundwater investigations at the site (refer to Source 

Investigation Map Methodology, February 2012, for summary/interpretation of historic. data). 

Figure 10-1 illustrates the proposed boring locations. 

A phased approach will be el'!lployed with information obtained in initial phases used to optimize 

sample locations and well placement in subsequent phases. The sample locations are biased based 
on known site characteristics. The phased approach will allow step-out sampling to more 

specifically delineate source areas and address data gaps, as needed. The rationale for sample 

numbers, locations, depths, media type, and analyses are summarized below. Details on sample 

objectives, locations, and depths are also included on Figure 1 and Worksheet # 18. Since QC 
samples are collected on a regular basis as a percentage of lab analytical samples, they are 

outlined in Worksheet #20. 

Investigation activities will be conducted over four to five separate mobilizations. The proposed 
timing for these mobilizations was presented in Worksheet #16. These mobilizations are as 

follows: 

1. Mobilization 1 includes advancement of eight MIP borings. Results of the MIP borings will 
be interpreted to evaluate the nature of the potential source area at the East Plating Room. 

2. Mobilization 2 includes advancement of 27 vertical profile borings and three additional 
shallow vadose zone soil borings. Preliminary results/recommendations will be submitted to 
the Project Team for discussion. 

3. Mobilization 3 includes installation of any contingency vertical profile borings to fill data gaps 
identified by the project team after review of the initial data (assume up to five borings to 
address data gaps). 

4. Mobilization 4 includes installation of three permanent monitoring wells using sonic drilling· 
methods with soil sampling and well development. 

5. Mobilization 5 includes sampling of the three new monitoring wells. Soil borings and 
monitoring wells will surveyed by a Minnesota Professional Land Surveyor. 

ws 17-1 



~ Sampling and Analysis Plan - Source Area Investigation 
·~· Naval Industrial Reserve Ordnance Plant, Fridley Minnesota 

SAP Worksheet # 17 
RESOLUTION 
CONSVLTANTs~~~~~~~~~~~~~~~~~~~~~~~~-Re_v._isf,_on_:_O~;J_u~ly_2_01_3 

This worksheet presents the design and rationale of the sampling and analysis program to be 
conducted during the Source Area Investigation. The sampling approach, based on professional 
judgment, is biased to investigate areas most likely to contain "worst-case" concentrations. 
Specifically, the sampling plan was developed using information on assumptions regarding potential 
contaminant distribution and data generated during previous investigations. A summary table, 
including sample identification numbers, depth, relevant SOP, and applicable laboratory and field 
analyses, is included as Worksheet #18. SOPs for field activities are summarized in Worksheet #21 
and included as Appendix B. Professional judgment may be used to adjust sampling locations 
and/or depths in the field. Examples of criteria which may lead to changes to the sampling plan 
include refusal, drill rig access issues, utility locations, initial MIP responses, etc. 

Samples collected during this investigation will be submitted to TriMatrix for chemical analyses. 
Analytical methods are identified in Worksheet #23. Laboratory SOPs are listed in Worksheet #23 
and are available upon request. The total numbers of sample analyses to be performed for each 
target analyte or analytical group are identified in Worksheets #18 and #20. Worksheets #19 and 
#30 present a summary of the sample analyses, container types and volumes, preservation 
requirements, and holding times. 

Planned field QC samples will include field duplicates and equipment rinsate blanks (for non
dedicated sampling equipment). Worksheet #12 presents the field QC sample summary. 
Additional sample volume will be collected as necessary for laboratory QC analysis of MS/MSD 
samples. 

17.2 First mobilization - MIP Boring Installation, 

The rationale for the eight MIP borings is to provide adequate vertical and horizontal MIP data to 
support overall remedial planning and to supplement the vertical profile program. 

MIP boring locations will be laid out in the field using paint. The concrete will be cut using a 
concrete coring drill by a subcontractor. The MIP borings will be advanced by Vironex, Inc. using a 
direct push drilling rig. For safety purposes, the first 5 feet of-the boring may be advanced with a 
hand auger prior to drilling with the Geoprobe direct push rig. MIP soil profiling equipment will be 
supplied and operated in the field by Vironex, Inc. The Geoprobe MIP SOP from the manufacturer 
is included in Appendix D. During advancement, MIP borings will be logged continuously from 
ground surface to the termination depth of each boring for voes and EC. The total depth of each 
boring is expected to be approximately 80 feet bgs; however, borings may need to be advanced 
deeper in some locations in order to encounter the targeted confining layer. Drilling to these 
depths will reach the practical limits of the drilling equipment and refusal may occur prior to 
reaching the lower confining layer. Encountering the lower confining layer will be determined 
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based on EC readings collected during boring advancement. A log of the MIP and EC results will be 
produced for each boring location. 

Borings will be abandoned in accordance with MOH regulations immediately after advancement. 
The· MIP equipment will be decontaminated between boring locations. If refusal occurs during 

boring advancement, the boring location will be off-set slightly and another attempt will be made. 
If refusal occurs a second time, no additional attempts at that boring location will be made. If 
refusal becomes routine while advancing the MIP, then the field team will demobilize and an 

alternative drilling method will be selected. The field team will then remobilize to the field and 

complete the eight MIP borings, as needed. 

A summary of MIP boring location rationale is listed below. 

• . MIP-1 will be advanced immediately adjacent to the north side of the East Plating Room 
building to determine soil and groundwater conditions in that area. 

• MIP-2 through MIP-5 are located along the southern edge of the East Plating Room to 
investigate soil and groundwater impacts in this area. 

• MIP-6 though MIP-8 will form a transect approximately 100 feet further south of the East 
Plating Room to investigate downgradient soil and groundwater impacts in this area. 

17.3 Second Mobilization - Vertical Profile Borings and Shallow Vadose Zone Borings 

Up to 27 vertical profile borings and three shallow vadose zone soil borings will be advanced with a 
direct push rig. Three shallow vadose zone borings will be drilled to the water table only 

(approximately 20 feet bgs) and the vertical profile borings will be installed to approximately 80 
feet bgs. Six of the vertical profile borings near the East Plating Room (VP-4 through VP-9) will 

also be used for shallow vadose zone sampling. Eight of the vertical profile borings will be installed 
adjacent to previously installed MIP borings and two will be installed near the groundwater 
extraction wells. Below is a summary of boring location rationale: 

• Borings VP-1 through VP-3 are located near or downgradient of AOC-17 to provide an 
additional vertical profile data on the magnitude of TCE impacts in the vicinity of AOC-17 
and to determine if there is a connection with impacts found in MS-31. Three borings with 
a total of 36 groundwater samples for VOC analysis will be conducted. 

• Borings VP-4 through VP-9 and SB-102 through SB-104 are located around the East Plating 
Room to investigate soil and groundwater TCE impacts adjacent to the East Plating Room. 
Four borings to 20 feet and six borings to 80 feet bgs will be conducted with 72 
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groundwater samples for voe analysis, and 36 soil samples for voe analyses will be 
conducted. 

• Borings VP-10 through VP-12 w)ll form a transect approximately 100 feet further south of 
the East Plating Room to investigate downgradient groundwater impacts to depths of 80 
feet bgs in this area. Three borings with a total of 36 groundwater samples for voe 
analyses will be conducted. 

• Borings VP-13 and VP-14 will be advanced adjacent to and downgradient of boring P09 
(installed during the RI for OU3) to determine current groundwater TeE impacts to depths 
of 80 feet bgs in this area. Two borings with a total of 24 groundwater samples for voe 
analyses will be conducted. · 

• Borings VP-15 and VP-16 are located between the East Plating Room and the extraction 
wells to assess TeE distribution in soil and groundwater TeE to depths of 80 feet bgs. Two 
borings with a total of 24 groundwater samples for voe analyses will be conducted. 

• Borings VP-17 and VP-18 are located near well MS-33 to assess groundwater TeE impacts to 
depths of 80 feet bgs in the ih and Broadway area where deep impacts in groundwater 
have been detected. Two borings with a total of 24 groundwater samples for voe analyses 
will be conducted. 

• Borings VP-19 and VP-20 are located near wells U0-67S/68I/690 to assess groundwater 
TeE impacts near and downgradient of the wells to depths of 80 feet bgs. Two borings with 
a total of 24 groundwater samples for voe analyses will be conducted. 

• Boring VP-21 is located upgradient of MS-33 and U0-67S/68I/690 to assess groundwater 
TeE impacts and evaluate if there is a connection to the Paint Shop at depths up to 80 feet 
bgs. One boring with a total of 12 groundwater samples for voe analyses will be 
conducted. 

• Borings VP-22 through VP-27 are located between the extraction wells and the suspected 
source areas to assess TeE distribution in soil and groundwater at depths up to 80 feet bgs. 
Six borings with a total ·of 72 groundwater samples for voe analyses will be conducted. 

The primary purpose of the borings is to determine vadose zone soil conditions near the East 

Plating Room, characterize subsurface soil stratigraphy, provide data to help determine monitoring 

well locations and screen depths, provide analytical data to be used in evaluating remedial options, 
and to better understand the distribution of TeE in the groundwater in the source areas and 
downgradient areas. 
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Equipment blanks will be performed at a rate of approximately 1 per 20 vertical profile groundwater 

samples (approximately 17 equipment blanks). Equipment blanks will be collected prior to initiation 

of a boring. 

17.4 Third Mobilization - Contingency Vertical Profile Borings 
The MIP results and preliminary vertical profile boring laboratory analytical results will be presented 
to the partnering team to determine if there are data gaps. If data gaps are identified, additional 

vertical profile boririg locations will be completed during the second mobilization, as agreed upon by 
the partnering team. It is assumed that up to five contingency vertical profile borings will be 
sufficient to address data gaps. The vertical profile contingency borings will be completed using 

the same methodology as outlined in Section 17.3. 

17.5 Fourth Mobilization - Monitoring Well Installation and Soil Sampling 

Three groundwater monitoring wells will be installed in the intermediate groundwater zone during 
the third mobilization. The purpose of the wells is to provide baseline TCE concentrations in the 

groundwater prior to completing any pilot test work (e.g., EZVI injections) and to provide points to 

monitor the effectiveness of the pilot test. Well locations will be selected based on the MIP and 
vertical profile groundwater sample results, most likely focusing on the source area exhibiting the 

highest TeE concentrations/greatest extent and downgradient areas. The results of the MIP, 

vertical profile, and contingency borings will be reviewed and used to identify the horizontal and 

vertical position of the long term monitoring wells. The proposed vertical and horizontal locations 

of the wells will then be presented to the project team for their concurrence prior to installation of 
the wells. 

17.5.1 Soil Sample Collection from Monitoring Well Borings 

Monitoring well borings will be installed using a sonic drilling rig. The borings will be advanced 
using sonic drilling techniques with soil cores collected continuously from the ground surface to the 

terminus of the boring (anticipated to be up to 80 feet bgs). Boreholes will be 4-inch diameter core 
tube with 6-inch diameter override casing. The boreholes will be screened and logged in a manner 
identical to that outlined in Section 14.2.1. 

Nine soil samples will be collected from the three monitoring well soil borings (three samples per 
monitoring well boring) for laboratory analysis in accordance with procedures in SOP 3-21 

(Appendix B). Soil sample locations and depths will be selected to obtain samples representative of 
the various soil types present.: The decision criteria outlined in Section 14.2.1 will also be used for 
sample selection. Soil samples will be submitted to TriMatrix for laboratory analysis of voes by 

Method 8260B, iron by Method SW6010e, and TOe by the Walkley-Black Procedure. voe results 

from soil samples will be used to assess the extent of source area voe impacts. Toe and iron 
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results from soil samples will be used to provide data for evaluating remedial options and to 

establish baseline site concentrations. 

17 .5.2 Monitoring Well Installation 

Monitoring wells will be installed using a sonic drill rig and will be constructed in accordance with 
applicable MOH regulations and the procedures outlined in SOP 3-12 (Appendix B). Monitoring well 

construction will be similar to the existing site monitoring wells and will use 2-inch diameter 

National Sanitation Foundation approved stainless steel well screen and carbon steel riser pipe. 
Well screens will be 5 feet in length and will have a 0.010-inch slot size. Caps will be fitted to the 
bottom of each well screen. Pipe sections and bottom caps will be flush-jointed. 

The filter packs will consist of 20/30 clean silica sand installed using a tremie pipe from the base of 
screen extending to 2 feet above the top of the screen. A 2-foot thick seal of bentonite chips will 

be installed above the sand layer. After the bentonite chips are hydrated, the annulus above the 
bentonite seal will be filled with high-solids bentonite grout using a tremie pipe. 

Wells will be completed at the surface with a 12-inch diameter flush mount protective steel casing 

capable of withstanding heavy traffic. The flush mount covers will be set in a new 5-foot by 5-foot 
by 1-foot thick concrete pad, tied into the existing cement floor, with a 2-inch rise in the center 

tapering to grade at the edges. A layer of fine sand will be installed above the grout slurry and 

inside the flush mount box. The tops of well risers will be set approximately 6 inches below grade. 

Lockable gripper caps will be installed on well riser tops. Monitoring well installations will comply 

with applicable MOH regulations. A variance will be requested as needed. 

17.5.3 Monitoring Well. Development 

Following installation, the three monitoring wells will be developed to improve hydraulic 

communication with the surrounding aquifer and to evacuate fine-grained sediments which may 
have accumulated within the well during installation. Monitoring wells will generally be developed 

in accordance with procedures in SOP No. 3-13 (Appendix B) using the surge and purge method. 
Well development will not commence until approximately 24 hours after well installation. It is 

anticipated that the wells will be developed using mechanical surging and ~ submersible pump. 

Development will continue until turbidity has stabilized (less than 50 nephelometric turbidity units, if 
possible). Special care will be taken to develop the wells properly in order to ensure adequate 

hydraulic connection between the monitoring well and the aquifer. 

17.6 Fifth Mobilization -Groundwater Sampling 

Groundwater samples will be collected from each of the three monitoring wells during the fourth 

mobilization. Groundwater elevations will also be concurrently collected from selected nearby 
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monitoring wells to be determined at the time of sampling. Groundwater samples will be collected 
to obtain a baseline of groundwater conditions and to aid in the evaluation of remedial options. 
Groundwater samples may also be collected from the wells ·to monitor future pilot study 
effectiveness. 

Groundwater sampling will be completed approximately two weeks after well development. 
Groundwater samples will be collected using a bladder pump and low-flow sampling procedures 
described in SOP 3-14 (Appendix B). Prior to sampling, the monitoring wells will be gauged for 
depth to water and to check for the presence of light and dense NAPLs with an interface probe. To 
confirm that groundwater samples are representative of the formation being investigated, field 
measurements of water level/drawdown, temperature, pH, specific conductance, ORP, DO, and 
turbidity will be collected during well purging. Purging will be considered complete when three 

consecutive readings of the parameters listed above reach less than 10 percent variability. The 
sampling pump and other non-dedicated equipment that comes into contact with the purge or 
sample water will be decontaminated between monitoring well locations as outlined in SOP 3-06 
(Appendix B). Sample tubing and other dedicated equipment (bailers, drop clothes, etc) will be 
discarded between each sample. 

One equipment blank will be collected for the groundwater samples by pumping distilled water 
through the bladder pump and tubing; and placed directly into laboratory supplied containers. 
Groundwater samples from the new wells and the equipment blank will be submitted to TriMatrix 
for analysis of VOCs by Method 82608, sulfate and nitrate by Method 9056A, total and dissolved 
iron by Method 6010C, and dissolved gasses (methane, ethane, ethane) by Method RSK 175. 
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SAP WORKSHEET #18: LOCATION-SPECIFIC SAMPLING METHODS/SOP REQUIREMENTS TABLE 
(UFP-QAPP Manual Sedion 3.1.1) 

Sample Sample 
Estimated Number Sampling Standard Operating 

Matrix Depth Objective Analytical Group of Procedure Reference (Appendix B and 
Location Identification (feet bgs) Samples D) 

S8-102 S8102-S-XX Soil 4 samples 6 (see notes) voes 4 SOP 3-21 
above WT 

S8-103 S8103-S-XX Soil 
4 samples 

6 voes 4 SOP 3-21 
above WT 

S8-104 S8104-S-XX Soil 
4 samples 6 voes 4 SOP 3-21 
above WT 

VP-1 VPl-W-XX Groundwater 
12 depths'll, 

2 voes 12 
Geoprobe Screen Point System SOP & SOP 

T8D 3-14 

VP-2 VP2-W-XX Groundwater 
12 depths'1>, 

2 voes 12 
Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-3 VP3-W-XX Groundwater 
12 depths'll, 2 voes 12 

Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-4 VP4-S-XX Soil 
4 samples 

6 voes 4 SOP 3-21 
above WT 

VP4-W-XX Groundwater 
12 depths'0 , 1 voes 12 

Geoprobe Screen Point System SOP & SOP 
T8D 3-14 

VP-5 VPS-S-XX Soil 
4 samples 

6 voes 4 SOP 3-21 
above WT 

f------· ---
12 depths<1>, Geoprobe Screen Point System SOP & SOP 

VPS-W-XX Groundwater TBD 
1 voes 12 3-14 

VP-6 VP6-S-XX Soil 
4 samples 6 voes 4 SOP 3-21 
above WT 

VP6-W-XX Groundwater 
12 depths'1>, 1 voes 12 Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-7 VP7-S-XX Soil 
4 samples 

6 voes 4 SOP 3-21 
above WT 

VP7-W-XX Groundwater 
12 depths'1>, 1 voes 12 

Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-8 VPB-S-XX Soil 
4 samples 6 voes 4 SOP 3-21 
above WT 

VPB-W-XX Groundwater 
12 depths'0 , 1 voes 12 

Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-9 VP9-S-XX Soil 
4 samples 

6 voes 4 SOP 3-21 
above WT 

VP9-W-XX Groundwater 
12 depths'1>, 

1 voes 12 
Geoprobe Screen Point System SOP & SOP 

T8D 3-14 
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Sample Sample Estimated Number Sampling Standard Operating 

Location Identification Matrix Depth Objective Analytical Group of Procedure Reference (Appendix B and 
(feet bgs) Samples D) 

VP-10 VPlO-W-XX Groundwater 
12 depths<1>, 

1 voes 12 
Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-11 VPll-W-XX Groundwater 
12 depths<1>, 

1 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-12 VP12-W-XX Groundwater 
12 depths<1>, 

1 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-13 VP13-W-XX Groundwater 
12 depthsOJ, 5 and investigation of P09 

voes 12 Geoprobe Screen Point System SOP & SOP 
TBD area 3-14 

VP-14 VP14-W-XX Groundwater 
12 depths<!), 5 and investigation of P09 

voes 12 Geoprobe Screen Point System SOP & SOP 
TBD area 3-14 

VP-15 VP15-W-XX Groundwater 
12 depths<!), 

1, 5 voes 12 
Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-16 VP16-W-XX Groundwater 
12 depthso>, 

1, 5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-17 VP17-W-XX Groundwater 
12 depths!), 

3 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-18 VP18-W-XX Groundwater 12 depths1>, 
3 voes 12 Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-19 VP19-W-XX Groundwater 
12 depths<1>, 

4 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-20 VP20-W-XX Groundwater 12 depths<1>, 4 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-21 VP21-W-XX Groundwater 
12 depths<!), 

4 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-22 VP22-W-XX Groundwater 
12 depths0 >, 

5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-23 VP23-W-XX Groundwater 
12 depths<!), 

5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-24 VP24-W-XX Groundwater 
12 depths' l), 5 voes 12 Geoprobe Screen Point System SOP & SOP 

TBD 3-14 

VP-25 VP25-W-XX Groundwater 
12 depths<1>, 

5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-26 VP26-W-XX Groundwater 
12 depths<1>, 

5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

VP-27 VP27-W-XX Groundwater 
12 depthso>, 

5 voes 12 Geoprobe Screen Point System SOP & SOP 
TBD 3-14 

MS-571 MS57I-S-XX Soil TBD 8 voes, iron, Toe 3 SOP 3-21 
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Sample Sample Estimated Number Sampling Standard Operating 

Location Identification Matrix Depth Objective Analytical Group of Procedure Reference (Appendix B and 
(feet bgs) Samples D) 

voes, sulfate, nitrate, 
MS571-Date Groundwater TBD 1, 5 and 7 total and dissolved iron, 1 SOP 3-14 

methane/ethane ethene 
MS-581 MS58l-S-XX Soil TBD 8 VOes iron, TOe 3 SOP 3-21 

voes, sulfate, nitrate, 
MS58l-Date Groundwater TBD 1, 5 and 7 total and dissolved iron, 1 SOP 3-14 

methane/ethane ethene 
MS-591 MS59l-S-XX Soil TBD 8 voes, iron Toe 2 SOP 3-21 

voes, sulfate, nitrate, 
MS59l-Date Groundwater TBD 1, 5 and 7 total and dissolved iron, 1 SOP 3-14 

methane/ethane ethene 

Quality Assurance, Quality Control, and IDW Samples 

SB-YYY FDZZ Soil (Duplicate) sample 
9 voes 2 SOP 3-21 

above WT 

VP-YY FDZZ Soil (Duplicate) sample 9 voes 4 SOP 3-21 
above WT 

Soil (Duplicate) 
-------~-·--9 -------

MS-YYl FDZZ TBD VOes iron TOe 1 SOP 3-21 
SBYYY-S-XX (MS will 

Soil (Matrix SB-YYY be indicated in coe TBD<3l 9 voes 1 SOP 3-21 
notes) 

Spike) 

SBYYY-S-XX (MSD will 
Soil (Matrix SB-YYY be indicated in eoe TBD<3l 9 voes 1 SOP 3-21 

notes) Spike Duplicate 

VPYY-S-XX (MS will be Soil (Matrix 
VP-YY indicated in coe TBD(J) 9 voes 1 SOP 3-21 

notes) Spike) 

VPYY-S-XX (MSD will 
Soil (Matrix VP-YY be indicated in eoe TBD<3l 9 voes 1 SOP 3-21 

notes) Spike Duplicate 

MSYYl-S-XX (MS will Soil (Matrix 
MS-YYl be indicated in eoe TBD<3l 9 VOes, iron, TOe 1 SOP 3-21 

notes) Spike) 
-

MSYYl-S-XX (MSD will 
MS-YYl be indicated in eoe Soil (Matrix TBD<3l 9 voes, iron, TOe 1 SOP 3-21 

notes) Spike Duplicate 

VP-YY FDZZ 
Groundwater 7 feet below 

9 voes 33 
Geoprobe Screen Point System SOP & SOP 

(Duplicate) water table 3-14 
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RESOLUTION 
CONSVLTANTS·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._'is._'io_n_:_O~;_J_u~ly_2_0_1_3 

Sample Sample 
Estimated Number Sampling Standard Operating 

Location Identification Matrix Depth Objective Analytical Group of Procedure Reference (Appendix B and 
(feet bgs) Samples D) 

Groundwater 
voes, sulfate, nitrate, 

MS-YYI FDZZ (Duplicate) 
TBD 9 total and dissolved iron, 1 SOP 3-14 

methane/ethane ethene 
VPYY-XX (MS will be Groundwater Geoprobe Screen Point System SOP and 

VP-YY indicated in coe TBD<3l 9 voes 17 
notes) 

(Matrix Spike) SOP 3-14 

VPYY-XX (MSD will be Groundwater Geoprobe Screen Point System SOP and 
VP-YY indicated in eoc (Matrix Spike TBD<3l 9 voes 17 

notes) Duplicate) 
SOP 3-14 

MSYYI-Date (MS will Groundwater 
voes, sulfate, nitrate, 

MS-YYI be indicated in eoe (Matrix Spike) TBD 9 total and dissolved iron, 1 SOP 3-14 
notes) methane/ethane, ethene 

MSYYI-Date (MSD will Groundwater voes, sulfate, nitrate, 
MS-YYI be indicated in eoe (Matrix Spike TBD 9 total and dissolved iron, 1 SOP 3-14 

notes) Duolicate) methane/ethane ethene 

VP-YY VPYY-EBOl VP (Equipment NA 9 voes 17 See Worksheet # 17 
Blank) 

Monitoring well voes, sulfate, nitrate, 
WGEBOl WGEBOl (Equipment NA 9 total and dissolved iron, 1 See Worksheet # 17 

Blank) methane/ethane, ethene 
TCLP voes, TeLP SVOCs, 

IDW- IDW-Liquid Waste NA 10 
TeLP Metals, TeLP 1 SOP 3-05 

Liquid pesticides, PeBs, 
Iqnitabilitv, 0H<2J 

TCLP VOes, TeLP SVOes, 
TCLP Metals, TeLP 

IDW-Soil IDW-Soil Waste NA 10 pesticides, PeBs, 1 SOP 3-05 
Ignitability, pH, paint filter 

test<2J 
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RESOLUTION 
CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._~_'io_n_:_O~;_J_u~1y_2_0_1_3 

Notes: 
<1> = One depth will be at 7 feet below the water tables, other depths to be determined based on membrane interface probe (MIP) and soil lithology. Some soil samples may be collected in 

lieu of groundwater samples where fine grained confining layers are encountered beneath the water table. Up to 10 soil samples will be also analyzed for TOC and iron from locations 
selected by the field geologist. 

<2> = Test to be performed as required by the disposal firm. 
<3> = Samples expected to have relatively lower voe concentrations based on the MIP boring results will be selected for MS/MSDs. 
bgs = Below ground surface 
COC = chain of custody 
IDW = investigative derived waste 
MS/MSD = matrix spike/matrix spike duplicate 
NA = Not Applicable 
PCB = polychlorinated biphenyl 
S = soil sample 
SOP = Standard Operating Procedure 
SVOC = semivolatile organic compound 
TBD = to be determined 
TCLP = toxicity characteristic leaching procedure 
TOC = total organic carbon 
voes = volatile organic compounds 
VP = vertical profiling boring 
W = Water sample 
WT = water table 
XX = sample depth, to be determined 
YY = sample location identification 
ZZ = Field duplicates to be numbered sequentially and association.with parent sample documented in the log book to maintain blind duplicates. 

Objectives for each exploration location: 
1. Determine the concentrations and vertical/horizontal concentrations of voes in the presumed East Plating Room source area and downgradient areas, 
2. Determine the magnitude of concentrations and vertical profile of impacts in the presumed AOC-17 source area and downgradient areas, 
3. Determine if there is a connection between the elevated concentrations detected at monitoring well MS-331 and the East Plating Room presumed source area and determine vertical 

concentrations at 7th and Broadway area, 
4. Evaluate groundwater concentrations downgradient from the Paint Shop and determine if they extend onto the Naval Industrial Reserve Ordnance Plant site toward the extraction 

wells arid evaluate vertical concentrations near Wells UD-67S / 681 / 69D, 
5. Assess groundwater concentrations of trichloroethene (TCE) and associated degradation products downgradient from source areas, 
6: Evaluate the vadose zone concentrations of TCE and associated degradation products in shallow soil at the East Plating Room, 
7. Estimate the baseline groundwater concentrations of total and dissolved iron, sulfate, nitrate, methane, ethane, and ethene in groundwater near the source areas, and 
8. Determine the general soil types and baseline concentrations of total organic carbon, iron, and TCE along with its associated degradation products for remedial planning. 
9. quality assurance/quality control samples 
10. IDW samples. 
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SAP WORKSHEET #19: ANALYTICAL METHODS/SOP REQUIREMENTS TABLE 

(UFP-QAPP Manual Sedion 3.1.1) 

Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Court, SE, Grand Rapids, Michigan 49512 
Laboratory Point of Contact/Project Chemist: Walt Roudebush, roudebushw@trimatrixlabs.com (616) 975-4561 

Analytical and 
Containers 

Matrix 
Analytical Preparation Method/ (number, size, Sample Preservation 

Group TriMatrix SOP Volume Requirements111 

Reference f4J 
and type) 

Site Characterization Samples: 

SW-846 5030/82608 (3) 40 ml glass 
Hydrochloric acid to a pH 

Groundwater voes 40 ml less than 2; Cool to 0-6°C; 
GR-03-105/GR-04-104 volatile vials 

no headspaceC2> 

Groundwater Sulfate/Nitrate 
SW-846 9056A 

1 liter glass or plastic 1 liter Cool to 0-6°C 
GR-02-113 

Metals - Total SW-846 3010A/6010C 
500 ml PlFE 

pH<2 with HN03, Cool to 0-
Groundwater container with a 500 ml 

Iron GR-01-14 7 /GR-01-100 
screw cap 

6°C 

Metals - SW-846 3010A/6010C 
500 ml PTFE Field filter 

Groundwater container with a 500 ml pH<2 with HN03, Cool to 0-
Dissolved Iron GR-01-147/GR-01-100 

screw cao 6°C 
Methane, 

RSK 175 (3) 40 ml glass 
Hydrochloric acid to a pH 

Groundwater ethane, 40 ml less than 2; Cool to 0-6°C; 
ethene 

GR-03-130 volatile vials 
no headspace'2> 

(3) 40 ml glass 
1 vial with 5 ml Methanol; 

SW-846 5035/82608 Cool to 0-6°C 
Soil voes 

GR-04-105/GR-04-104 
volatile vial plus 2 oz 5 grams 

2 vials with 5 ml sodium 
HOPE container 

bisulfateC5> 

Soil Metals - Iron 
SW-846 3050B/6010C (1) 4 oz HOPE 1.25 

None 
GR-01-137/GR-01-100 container grams 

Soil TOC 
Walkley-Black 

(1) 4 oz glass jar 100 grams Cool to 0-6°C 
GR-06-105 
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Maximum Holding Time<1> 

(preparation/ analysis) 

14 days 
(7 days if sample is not preserved with 

hydrochloric acid) 

Nitrate - 48 hours 
Sulfate - 28 days 

180 days 

180 days 

14 days 

14 days 

180 days 

28 days 
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Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Court, SE, Grand Rapids, Michigan 49512 
Laboratory Point of Contact/Project Chemist: Walt Roudebush, roudebushw@trimatrixlabs.com (616) 975-4561 

Analytical and Containers 
Matrix 

Analytical Preparation Method/ (number, size, 
Sample Preservation 

Group TriMatrlx SOP Volume Requii'ements<1> 
Reference f 4J 

and type) 

Investigative Derived Waste Samples31' 

SW1311/8260B 
Minimal headspace in 

TCLPVOCs {l) 4 oz glass jar 50 grams sample container, Cool to 0-
GR-01-119/GR-04-104 6oc 

TCLP SVOCs, 
SW1311/SW8270C and 

SW8081B 
TCLP 

GR-01-119/GR-04-103/GR-
pesticides 

03-120 (1) 8 oz glass jar 125 grams Cool to 0-6°C 
SW1311/SW6010C/SW7470A 

TCLP Metals GR-01-119/GR-01-100/GR-

IDW Soil 
01-128 

PCBs 
SW8082A (1) 8 oz glass jar 50 grams Cool to 0-6°C 
GR-03-128 

Ignitability 
SW1020A 5 grams Cool to 0-6°C 
GR-18-124 

SW9045D (1) 8 oz HOPE 
pH 

GR-07-113 container 
50 grams Cool to 0-6°C 

Paint filter 90950 100 Cool to 0-6°C 
test GR-19-102 grams 
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Maximum Holding Time<1> 
(preparation/ analysis) 

Samples leached within 14 days; leachate 
analyzed within 14 days of leachate 

generation 
Samples leached within 14 days; leachate 

extracted within 7 days of leachate 
generation and extracts analyzed within 

40 days following extraction 
Samples leached within 180 days (28 

days for mercury); leachate digested and 
analyzed within 180 days (28 days for 

mercurv) 

None 

28 days 

7 days 

28 days 
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Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Court, SE, Grand Rapids, Michigan 49512 
Laboratory Point of Contact/Project Chemist: Walt Roudebush, roudebushw@trimatrixlabs.com (616) 975-4561 

Matrix 

IDW Liquid 

Notes: 
(1) 

(2) 

(3) 

(4) 

(5) 

oc 
HOPE 
IDW 
ml 
oz 
PCB 
PTFE 

Analytical and Containers 
Analytical Preparation Method/ (number, size, 

Sample Preservation Maximum Holding Time<1
> 

Group TriMatrlx SOP Volume Requirements<1> (preparation/ analysis) 
Reference f4J 

and type) 

SW8260B (3) unpreserved 40 7 days 
voes ml Field Operations 40 ml Cool to 0-6°C (assuming the liquid IDW is its own 

GR-03-105/GR-04-104 
Leader VOA vials leachate) 

Extracted within 7 days and extracts 
SVOCs SW8270C and SW8081B ( 4) 1 liter glass 2 liter Cool to 0-6°C 

analyzed within 40 days following 
pesticides GR-04-103/GR-03-120 extraction (assuming the liquid IDW is its 

own leachate) 

SW6010C/7470A (1) 500 ml HOPE 180 days, 28 days for mercury (assuming 
Metals 100 ml Cool to 0-6°C 

GR-01-100/ GR-01-123 container the liquid IDW is its own leachate) 

PCBs 
SW8082A (2) 1 liter glass 1 liter Cool to 0-6°C None 
GR-03-128 

Ignitability, SW1020A, 9040C (1) 500 ml HOPE 
28 days (Ignitability) and As Soon As 

200 ml Cool to 0-6°C Possible (pH) (assuming the liquid IDW is 
pH GR-18-124/GR-07-100 container 

its own leachate) 

Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted 
Table 4-1 of SW846 recommends that samples analyzed for vinyl chloride and styrene be analyzed as unpreserved. Vinyl chloride is not the primary voe of 
interest and a second analysis with an unpreserved vial is not proposed. 
Samples collected to determine disposal options only. Bottle requirements are provided to aid samplers. 
TriMatrix SOPs provided in Appendix C. 
Sodium bisulfate preserved samples will be collected for vadose zone soil samples only. Samples preserved in methanol to be analyzed, sodium bisulfate 
preserved samples will only be analyzed if reporting limits cannot be achieved with methanol preserved sample. 
degrees Celsius SOP Standard Operating Procedure 
high-density polyethylene SVOC semivolatile organic compound 
investigation-derived waste TOC total organic carbon 
milliliter VOA volatile organic analysis 
ounce voes volatile organic compound 
polychlorinated biphenyl 
polytetrafluoroethylene 
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SAP WORKSHEET #20: FIELD QUALITY CONTROL SAMPLE SUMMARY TABLE 

(UFP-QAPP Manual Section 3.1.1} 

No. of Field No.of 
Analytical No. of Duplicates MS/MSDs<1> 

Matrix Sampling Group Locations {100/o (50/o 
frequency) frequency) 

Groundwater _from Vertical 
Profile Borings (27 borings, up voes 324 33 17 

to 12 sample depths each) 

Soil from Vertical Profile voes 45 7 3 
Borings, Vadose Zone Borings 

Iron 19 1 1 
and Monitoring Well Borings 

TOe 19 1 1 
voes 3 1 1 

Sulfate/Nitrate 3 1 1 
Groundwater from Monitoring Total Iron 3 1 1 

Wells Dissolved Iron 3 1 1 
Methane/Ethane/ 

3 1 1 
Ethene 

Note: 

No.of 
Equip. No.of Total No. of Samples Blanks Trip 
(50/o Blanks<2> 

to Lab 

freauencv) 

17 20 394 

0 5 
57 

0 0 20 
0 0 20 
1 1 6 
1 0 5 
1 0 5 
1 0 5 

1 0 5 

1 Although matrix spike/matrix spike duplicate (MSIMSD) samples are not typically considered field quality control samples, they are included here because location determination is often 
established in the field. MSIMSD samples are not included in the total number of samples sent to the laboratory. 

2 One per cooler containing samples for volatile organic compound (VOC) analysis. 

TOC = total organic carbon 
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SAP WORKSHEET #21: PROJECT SAMPLING SOP REFERENCES TABLE 

(UFP-QAPP Manual Section 3.1.2) 

Field SOPs Reference Table 

SOP Title, Revision Date Originating 
Organization of Reference Number and/or Number Sampling SOP 

SOP-3-01 Utility Clearance, Revision O; June 2012 Resolution Consultants 

SOP-3-02 Log Books, Revision 0, May 2012 Resolution Consultants 

SOP-3-03A Record Keeping, Sampling Labeling, and Chain-of-Custody, Resolution Consultants 
Revision 0, May 2012 

SOP-3-04A Sample Handling, Storage, and Shipping, Revision 0, May 2012 Resolution Consultants 

SOP-3-05 Investigation-Derived Waste Management, Revision 0, May 2012 Resolution Consultants 

SOP-3-06 Equipment Decontamination, Revision 0, May 2012 Resolution Consultants 

SOP-3-12 Monitoring Well Installation, Revision 0, May 2012 Resolution Consultants 

SOP-3-13 Monitoring Well Development, Revision 0, June 2012 R~solution Consultants 

SOP-3-14 Monitoring Well Sampling, Revision 0, May 2012 Resolution Consultants , 
SOP-3-16 Soil and Rock Classification, Revision 0, August 2012 Resolution Consultants 

SOP-3-19 Headspace Screening for VOCs, Revision 0, May 2012 Resolution Consultants 

SOP-3-20 Operation and Calibration of a Photoionization Detector, Revision Resolution Consultants 0, May 2012 

SOP-3-21 Surface and Subsurface Soil Sampling, Revision 0, May 2012 Resolution Consultants 
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Equipment Modified for 
Project Work? Comments Type 

(Yes/No) 

Toning No Appendix B Equipment 

None No Appendix B 

None No Appendix B 

None No Appendix B 

None No Appendix B 

Interface Probe, 
Pumps, Drill No Appendix B Tooling, Surge 

Block 

Sonic Drill Rig No Appendix B 

Pumps and 
No Appendix B Surge Block 

Interface Probe, 
Bladder Pump, 
Water Quality No Appendix B 

Meter, Turbidity 
Meter 

None No Appendix B 

Photoionization No Appendix B Detector 

Photoionization No Appendix B Detector 

Terra Core® or 
Cut Off Syringe, No Appendix B 

Scale 
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Field SOPs Reference Table 

SOP Title, Revision Date 
Originating 

Equipment 
Modified for 

Organization of Project Work? Comments 
Reference Number and/or Number Sampling SOP 

Type 
(Yes/No) 

Water Quality 
SOP-3-24 Water Quality Parameter Testing, Revision 0, May 2012 Resolution Consultants Meter, Turbidity No Appendix B 

Meter 

Technical Bulletin No. MK3010 
Geoprobe Membrane Interface Probe SOP, May 2003, Revised Geoprobe Systems, Inc. Membrane No Appendix D 
April, 2012 Interface Probe 

Geoprobe ® Screen Point 16 Groundwater Sampler, November 
Screen Point 16 

Technical Bulletin No. MK3142 Geoprobe Systems, Inc. Groundwater No Appendix D 
2006 Sampler 

Screen Point 22 
Technical Bulletin No. MK3173 Geoprobe ® Screen Point 22 Groundwater Sampler, April, 2010 Geoprobe Systems, Inc. Groundwater No Appendix D 

Sampler 

Notes: 
If contradictions are noted between the Sampling and Analysis Plan (SAP) and the SOP, the requirements of the SAP will take precedence. 
SOP Standard Operating Procedure · 
voes volatile organic compounds 
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SAP WORKSHEET #22: FIELD EQUIPMENT CALIBRATION, MAINTENANCE, TESTING, AND INSPECTION TABLE 
{UFP-QAPP Manual Sedion 3.1.2. 4) 

Field Equipment Activity 

YSI 556 Water Quality Visual Inspection 
Meter 

Calibration/Verification 

Turbidity Meter Visual Inspection 
(LaMotte 2020 or 
equivalent) Calibration/ 

Verification 

Photoionization Visual Inspection 
Detector (MiniRAE 
3000 or equivalent) Calibration/Verification 

-

Water Level Indicator Visual Inspection and 
and Oil/Water Field checks as per 
Interface Probe manufacturer 

Membrane Interface Calibration/Verification 
Probe 

Notes: 
FOL 
SOP 

Field Operations Leader 
Standard Operating Procedure 

Field Equipment Calibration Maintenance, Testing, and Inspection Table 

Frequency Acceptance Criterion Corrective Responsible 
SOP Reference Comments Action Person 

Daily Manufacturer's guidance Operator Resolution Manufacturer's To be used to determine 
correction or Consultants FOL Guidance Manual, purge completion 

Beginning and replacement or designee SOP-3-24 
end of day 

Daily Manufacturer's guidance Operator Resolution Manufacturer's To be used to determine 
Calibrations must correction or Consultants FOL Guidance Manual, purge completion 
bracket expected values. replacement or designee SOP-3-24 

Beginning and Initial Calibration 
end of day Verification must be <5 

Nephelometric Turbidity 
Unit. 

Daily Manufacturer's guidance Operator Resolution Manufacturer's To be used to assist with 
correction or Consultants FOL Guidance Manual, determination of sampling 
replacement or designee SOP-3-20 depths and for safety 

Beginning and monitoring 
end of day 

Daily 0.01 foot accuracy Operator Resolution Manufacturer's None 
correction or Consultants FOL Guidance Manual, 
replacement or designee SOP-3-24 

Before and Manufacturer's guidance Operator Vironex, Inc. Geoprobe Technical None 
After each correction or Operator Bulletin No. 
Barino reolacement MK3010 
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CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_Vi_~_'io_n_:_O~;_J_u~ly_2_0_1_3 

SAP WORKSHEET #23: ANALYTICAL SOP REFERENCES TABLE 

(UFP-QAPP Manual Section 3.2.1) 

Laboratory Name and Address: TriMatrix Laboratories, Inc. 5560 Corporate Exchange Court, SE, Grand Rapids, Michigan 49512 

Laboratory Point of Contact/Project Chemist: Walt Roudebush, roudebushw@trimatrixlabs.com (616) 975-4561 

TriMatrix SOP Definitive or Matrix and 
Number1 Title, Revision Date, and/or Number Screening Data Analytical Group Instrument 

GR-03-105 VOes, 2/28/12, Revision 6.3 Definitive Aqueous: voes NA 

GR-04-105 Closed System Purge and Trap and Extraction for Definitive Soil: voes NA 
voes, 8/25/12, Revision 1.4 

GR-04-104 VOCs by Purge and Trap Capillary Column GC/MS, Definitive Aqueous and Soil: 
GC/MS 

1/25/12, Revision 4.7 voes 

GR-01-147 
Block Digestion of Total Metals in Water for ICP Screening Aqueous: Metals NA 

Method 6010C, 8/30112, 0.5 

GR-01-137 Block Digestion of Solids for ICP and ICPMS Screening Soil: Metals NA 

GR-01-100 ICP Atomic Emission Spectroscopy-Perkin Elmer Screening Aqueous and Soil: ICP-AES 
OPTIMA-3300DVl5300DV, 7/22/11, 5.9 Metals 

GR-06-105 Organic Carbon, Walkley-Black Screening Soil: Total organic NA 
carbon 

GR-02-113 Determination of Inorganic Anions by Ion Screening Water: Sulfate, Ion Chromatograph 
Chromatography, 8/3/12, 3.0 Nitrate 

Dissolved Methane, Ethane, and Ethene in Water by Water: methane, GR-03-130 Headspace Equilibrium and Gas Chromatography, Screening 
ethane, ethene GC 

9/9/11, 0.5 

GR-01-119 TCLP, 7/23112, 2.4 Screening 
Aqueous and Soil 

None IDW: TCLP 

GR-01-123 Mercury by Semi-Automated Cold Vapor Atomic Screening Aqueous and Soil Cold vapor atomic absorption 
Absorption, 9//9111, Revision 5.8 IDW: mercury 
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Variance Modified for 

toQSM 
Project Work? 

(Y/Nl 

No N 

No N 

No N 

No N 

No N 

No N 

No N 

No N 

No N 

No N 

No N 
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CONSULTANTS·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.<....;...:......<..~--'-

Laboratory Name and Address: TriMatrix Laboratories, Inc. 5560 Corporate Exchange Court, SE, Grand Rapids, Michigan 49512 

Laboratory Point of Contact/Project Chemist: Walt Roudebush, roudebushw@trimatrixlabs.com (616) 975-4561 

TriMatrix SOP 
Title, Revision Date, and/or Number Number1 

GR-03-120 

GR-03-128 

GR-04-103 

GR-07-100 

GR-07-113 

GRc18-124 

GR-19-102 

Notes: 
I 

GC/MS 
ICP 
ICP-AES 
ICPMS 
IDW 
NA 
PCB 
QSM 
SOP 
svoc 
TCLP 
voe 
Y/N 

Organochlorine Pesticides Analysis by Gas 
Chromatography, 9/9/11, 4.6 

-
PCBs by Gas Chromatography, 2/17/12, Revision 2.7 

Base/Neutral/Acid Compounds by GC /MS 

Potentiometric pH, 1/12/12, 3.5 

Potentiometric pH in Soil and Waste, 1/12/12, 
Revision 0.4 

Setaflash Closed-Cup Flashpoint, 4/4/13, 1.5 

Paint Filter Liquids Test, 8/3/12, 1.2 

Laboratory SOPs provided in Appendix C 
gas chromatograph/mass spectrometer 
inductively coupled plasma spectroscopy 
atomic emission spectroscopy 
inductively coupled plasma mass spectrometry 
investigation-derived waste 
not available 
polychlorinated biphenyl 
Quality Systems Manual 
Standard Operating Procedure 
semivolatile organic compound 
Toxicity Characteristic Leaching Procedures 
volatile organic compound 
yes/no 

Definitive or Matrix and 
Screening Data Analytical Group 

Screening Aqueous and Soil 
IDW: Pesticides 

Aqueous and Soil Screening IDW: PCBs 

Screening Aqueous and Soil 
IDW: SVOCs 

Screening Aqueous IDW: pH 

Screening Soil IDW: pH · 

Screening Aqueous and soil 
IDW: Ignitability 

Screening Soil IDW: free 
liquids 
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Instrument 

GC with electron capture detector 

GC with electron capture detector 

GC/MS 

pH Meter 

pH Meter 

Koehler Rapid Tester Model K16502, 
Closed-cup 

NA 

Variance Modified for 

toQSM 
Project Work? 

(Y/Nl 

No N 

No N 

No N 

No N 

No N 

No N 

No N 
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SAP WORKSHEET #24: ANALYTICAL INSTRUMENT CALIBRATION TABLE 

(UFP-QAPP Manual Section 3.2.2) 

Instrument Calibration Frequency of Calibration Acceptance Criteria 
Procedure 

GC/MS Prior to !CAL and at the 
Tuning beginning of each 12-hour Refer to method for s1:1ecific ion criteria. 

period 

Breakdown check At the beginning of each 12- Degradation :5 20% for DDT. Benzidine 
GC/MS 

(DDT Method 8270 hour period, prior to analysis 
and pentachlorophenol should be present 
at their normal responses, and should not 

only) of samples exceed a tailing factor of 2. 

.L. Average RF fQr SPCC:;: VOCs ~ 0.30 
for chlorobenzene and 1, 1,2,2-
tetrachlorolethane; ~ 0.1 for 

chloromethane, bromoform, and 
1, 1-dichloroethane. 

GCIMS Daily, before sample analysis 
CCV and every 12 hours of SVOCs 2:0.050 

analysis time L %D/drift for all target compounds 
and surrogates: voes and SVOCs 

:520%D (Note: D =difference when 
using RFs or drift when using least 
squares regression or non-linear 

calibration). 
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Corrective Action Person Responsible TriMatrix SOP 
for Corrective Action Reference 

Retune instrument and TriMatrix SOP GR-
verify. Rerun affected Analyst, Supervisor 04-104 

samples. GR-04-103 

TriMatrix SOP GR-
Correct problem then repeat 

Analyst, Supervisor 04-104 
breakdown check. 

GR-04-103 

Correct problem, then rerun 
calibration verification. If TriMatrix SOP GR-

that fails, then repeat !CAL. Analyst, Supervisor 04-104 
Reanalyze all samples since GR-04-103 

last acceptable CCV. 
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Instrument 
Calibration Frequency of Calibration Acceptance Criteria Corrective Action Person Responsible TriMatrix SOP 
Procedure for Corrective Action Reference 

.L Average res11onse factor for SPCCs: 
voes ~ 0.30 for chlorobenzene and 
1, 1,2,2-tetrachlorolethane; ;::: 0.1 for 
chloromethane, bromoform, and 1, 1-

dichloroethane. 

SVOCs >0.050. 
- .0. RSD for RFs for CCCs: 

voes and SVOCs s30% and one 

GC/MS 
ICAL option below: Correct problem then repeat 

TriMatrix SOP GR-
Minimum five-point ICAL prior to sample analysis ICAL. Analyst, Supervisor 04-104 
ICAL for all analytes Option 1: RSD for each analyte ~ GR-04-103 

15%. 

Option 2: linear least squares 
regression r ~ 0.995. 

Option 3: non-linear regression COD 
r2 ~ 0.99 (6 points shall be used for 
second order, 7 points shall be used 

for third order). 

Correct problem and verify 
second source standard. TriMatrix SOP GR-

GC/MS 
ICV Once after each ICAL All analytes within ± 20% of true value. 

Rerun second source 
Analyst, Supervisor 04-104 

verification. If that fails, 
correct problem and repeat GR-04-103 

ICAL. 

GC/MS RRT of each target analyte within ± 0.06 Correct problem, then rerun 
TriMatrix SOP GR-

RRT Evaluation With each sample Analyst, Supervisor 04-104 
RRT units. ICAL. 

GR-04-103 
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Instrument 
Calibration Frequency of Calibration Acceptance Criteria Corrective Action Person Responsible TriMatrix SOP 
Procedure for Corrective Action Reference 

One of the options below: 

Option 1: RSD for each analyte < 20%. 

Minimum five point !CAL for 
Option 2: linear least squares regression GCIFID all project analytes prior to Correct problem, then repeat TriMatrix SOP 

!CAL for all analytes 
sample analysis and if CCV ~ 0.995. !CAL 

Analyst, Supervisor 
GR-03-130 

criteria have not been met 
Option 3: non-linear regression: COD r2 
> 0.99 (6 points shall be used for second 

order, 7 points shall be used for third 
order). 

Retention time 
Once per !CAL and at the 

Position shall be set using the midpoint 
GC/FID window position 

beginning of the analytical 
standard of the !CAL curve when !CAL is 

NA Analyst, Supervisor TriMatrix SOP 
establishment for performed. On days when ICAL is not 

each analyte 
shift 

performed, the initial CCV is used. 

GC/FID All project analytes within + 20% of 
Correct problem, rerun 

Second SCV Immediately following ICAL second source standard. If Analyst, Supervisor GR-03-130 
expected value from the !CAL. 

that fails, repeat ICAL. 

Correct problem, rerun 
Prior to sample analysis, All.project analytes within established calibration verification. If 

GC/FID 
CCV 

after each 10 field samples, retention time windows. All project that fails, then repeat ICAL. 
Analyst, Supervisor TriMatrix SOP 

and at the end of the analytes within + 20% of expected value Reanalyze all samples since 
, analytical sequence from the !CAL. the last successful 

calibration verification. 

GC/ECD 
Breakdown check At the beginning of each 12-

Degradation :5: 15% for both DDT and Correct problem then repeat 
TriMatrix SOPs: 

{Endrin I DDT hour period, prior to analysis 
Endrin. breakdown check. 

Analyst, Supervisor GR-03-120 
Method 8081 only) of samples GR-03-128 

One of the options below: 

Option 1: RSD for each analyte :5: 20%. 

GC/ECD Option 2: linear least squares regression: Correct problem then repeat 
TriMatrix SOPs: 

Minimum five-point 
!CAL prior to sample analysis r ~ 0.995. Analyst, Supervisor GR-03-120 

ICAL for all analytes !CAL 
GR-03-128 

Option 3: non-linear regression: COD r2 
~ 0.99 (6 points shall be used for second 

order, 7 points shall be used for third 
order). 

WS24-3 



Sampling and Analysis Plan - Source Area Investigation 
Naval Industrial Reserve Ordnance Plant, Fridley Minnesota 

SAP Worksheet #24 
RESOLUTION 
CONSULTANTS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._is._io_n_:_O~;_li_u~ly_2_0_1_3 

Instrument 

GC/ECD 

GC/ECD 

GC/ECD 

ICP 
CVAA 

ICP 
CVAA 

ICP 
CVAA 

ICP 
(ICP Only) 

Calibration 
Procedure 

Retention time 
window position 
establishment for 
each analyte and 

surrogate 

Second source 
calibration 

verification (ICV) 

CCV 

ICAL 
ICP: minimum one 
high standard and a 

calibration blank 
CVAA: minimum 5 
standards and a 
calibration blank 

Second source 
calibration 

verification (ICV) 

CCV 

Low-level calibration 
check standard 

Frequency of Calibration 

Once per ICAL and at the 
beginning of the analytical 

shift 

Immediately following ICAL 

Prior to sample analysis, 
after every 10 field samples, 

and at the end of the 
analysis sequence 

Daily ICAL prior to sample 
analysis 

Once after each ICAL, prior 
to beginning a sample run. 

CCV after every 10 field 
samples and at the end of 
the analytical sequence 

Daily, after one-point ICAL 

Acceptance Criteria 

Position shall be set using the midpoint 
standard of the ICAL curve when ICAL is 

performed. On days when ICAL is not 
performed, the initial CCV is used. 

All project analytes within established 
retention time windows. All project 

analytes within ± 20% of expected value 
from the ICAL. 

All project analytes within established 
retention time windows. All project 

analytes within ± 20% of expected value 
from the ICAL. 

If more than one calibration standard is 
used, r2 ~0.995. 

All analytes within ± 10% of expected 
value. 

ICP: All analytes within ± 10% of 
expected value. 

CVAA: within ±20% of true value. 

Within ± 20% of true value. 
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Corrective Action. 

NA 

Correct problem, rerun rev. 
If that fails, repeat ICAL. 

Correct problem, then rerun 
calibration verification. If 

that fails, then repeat ICAL. 
Reanalyze all samples since 

the last successful 
calibration verification. 

Correct problem, then repeat 
ICAL. 

Correct problem and verify 
second source standard. 
Rerun ICV. If that fails, 

correct problem and repeat 
ICAL. 

Correct problem, rerun 
calibration verification. If 

that fails, then repeat ICAL. 
Reanalyze all samples since 

the last successful 
calibration verification. 

Correct problem, then 
reanalyze. 

Person Responsible 
for Corrective Action 

Analyst, Supervisor 

Analyst, Supervisor 

Analyst, Supervisor 

Analyst, Supervisor 

Analyst, Supervisor 

Analyst, Supervisor 

Analyst, Supervisor 

TriMatrix SOP 
Reference 

TriMatrix SOPs: 
GR-03-120 
GR-03-128 

TriMatrix SOPs: 
GR-03-120 
GR-03-128 

TriMatrix SOPs: 
GR-03-120 
GR-03-128 

TriMatrix SOP GR-
01-100 

TriMatrix SOP GR-
01-100 

TriMatrix SOP GR-
01-100 

TriMatrix SOP GR-
01-100 
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Instrument Calibration Frequency of Calibration Acceptance Criteria Corrective Action Person Responsible TriMatrix SOP 
Procedure for Corrective Action Reference 

ICS-A: Absolute value of concentration 
for all non-spiked analytes <LOD (unless Terminate analysis; locate 

ICP res At the beginning of an they are a verified trace impurity from and correct problem, Analyst, Supervisor TriMatrix SOP GR-
(ICP Only) analytical run one of the spiked analytes); reanalyze res, reanalyze all 01-100 

samples. 
ICS-AB: Within ±20% of true value 

Correct problem. Re-prep 
Before beginning a sample and reanalyze calibration 

ICP 
Calibration blank 

run, after every 10 samples, No analyte detected > LOD 
blank. All samples following 

Analyst, Supervisor 
TriMatrix SOP GR-

OJAA and at end of the analysis the last acceptable 01-100 
sequence calibration blank must be 

reanalyzed. 

ICP Linear Dynamic 
Every 6 months and with TriMatrix SOP GR-

(ICP Only) 
range/High level major maintenance 

Within ±10% of true value. NA Analyst, Supervisor 
01-100 

Check 

Ion ICAL for all analytes 

Chromatograph (minimum three ICAL prior to sample analysis r:?: 0.995 
Correct problem, then repeat Analyst, Supervisor TriMatrix SOP GR-

standards and one ICAL. 02-113 
calibration blank) 

Correct problem and verify 

All analytes within ± 10% of true value second source standard. 
Ion Once after each ICAL, prior Rerun second source TriMatrix SOP GR-

Chromatograph IOJ (second source) to beginning a sample run 
and retention times within appropriate verification. If that fails, Analyst, Supervisor 02-113 windows. 

correct problem and repeat 
ICAL. 

Correct problem, then rerun 

After every 10 field samples All project analytes within established 
calibration verification. If · 

Ion that fails, then repeat ICAL. TriMatrix SOP GR-
Chromatograph Midrange COJ and at the end of the retention time windows. Within ± 10% of 

Reanalyze all samples since Analyst, Supervisor 02-113 
analysis sequence true value. the last successful 

calibration verification. 
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Notes:. 
%0 
%RSD 
CCC 
CCV 
CV 
COD 
CVAA 
DDT 
ECO 
FID 
GCIMS 
ICAL 
ICP/MS 
JCS 
ICV 
LOO 
QC 
r2 
RRT 
RST 
scv 
SOP 
SPCC 
svoc 
TriMatrix 
voes 

-

percent difference 
relative standard deviation 
calibration check compounds 
continuing calibration verification 
calibration verification 
Coefficient of the determination 
cold vapor atomic absorption 
dichlorodiphenyltrichloroethane 

--electron capture detector 
flame ionization detector 
gas chromatograph/mass spectrometer 
initial calibration 
inductively coupled plasma/spectroscopy 
interference check solutions 
initial calibration verification 
limit of detection 
quality control 
correlation coefficient 
relative retention times 
relative standard deviation 
Source Calibration Verification 
Standard Operating Procedure 
Spill Prevention, Control, and Countermeasure 
semivolatile organic compound 
TriMatrix Laboratories 
Volatile organic compounds 
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SAP WORKSHEET #25: ANALYTICAL INSTRUMENT AND EQUIPMENT MAINTENANCE, TESTING, AND INSPECTION TABLE 
(UFP-QAPP Manual Section 3.2.3) 

Instrument/ Maintenance -Testing Inspection Frequency 
Acceptance 

Corrective Action Responsible TriMatrix SOP 
Equipment Activity Activity Activity Criteria Person Reference 

Replace connections, clean 
Check for leaks, No maintenance is source, replace gas line 

replace gas line filters, Monitor instrument required as long as 
filters, replace trap, 

recondition or replace voes performance via replace GC column, clip Analyst, TriMatrix SOP 
GC/MS trap, replace column, Continuing Calibration 

As needed instrument QC column, replace injection Supervisor GR-04-104 SVOCs meets DoD QSM 
clean injection Verification criteria port liner, clean injection 

port/liner port, replace Electron 
Multiplier 

Replace liner, septa, 
and clip column as 

indicated by 

Replace septa, replace Check connections, 
instrument change 

in response and Inspect system; correct 
inlet liner, dip column, Methane, replace disposables, bake chromatography. If 

Per instrument 
problem; perform new TriMatrix SOP 

GC/FID clean or replace FID Ethane, out instrument, signal is 
manufacturer's initial calibration and 

GC Analyst 
GR-03-130 jet, bake out detector, Ethene recondition column and suppressed, clean 

instructions. 
affected samples. 

recondition column. perform leak checks. or replace FID jet. 
Bake out detectors 

-· and columns if 
signal elevated. 

Replace liner, septa, 
and clip column as 

Check connnections, 
indicated by Inspect system, correct 

Replace septa, replace instrument change 
inlet liner, clip column, Pesticides replace disposables, bake in response and 

Per instrument problem, perform new 
GR-03-120, GR-

GC/ECD out instrument, manufacturer's initial calibration, and GC Analyst 
bake out detectors, PCBs recondition column, and 

chromatography. 
instructions reanalyze affected 03-128 

recondition column. Bake out detectors 
perform leak checks. and columns if 

samples. 

signal/noise is 
elevated. 
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Instrument/ 
Equipment 

ICP 

CVM 

Ion 
Chromatograph 

Notes: 
CVM 
DoD 
ECD 
FID 
GC/MS 
ICP 
PCB 
QC 
QSM 
SOP 
svoc 
TriMatrix 
voes 

Maintenance Testing 
Activity Activity 

Change pump tubing, 
clean nebulizer, 

change torch, clean Metals 
sample cone/skimmer 

cone 

Flush all tubing, 
replace pump tubing, 
replace Perma-pure 

drying system Mercury 
membrane or entire 
assembly, replace 

activated charcoal in 
exhaust line. 

Check and change Sulfate, 
inline sample filter as Nitrate 

necessary 

Cold vapor atomic absorption 
Department of Defense 
electron capture detector 
flame ionization detector 

Inspection 
Activity 

Monitor instrument 
performance via 

Continuing Calibration 
Verification and Blank 

Check for discoloration in 
Perma-pure drying 

system. 

Check to make sure 
conductivity < 1.0, check 

eluent lines for air 
bubbles, check 

suppressor for leaks 

gas chromatograph/mass spectrometer 
Inductively coupled plasma spectroscopy 
polychlorinated biphenyl 
quality control 
Quality Systems Manual 
Standard Operating Procedure 
semivolatile organic compound 
TriMatrix Laboratories 
volatile organic compounds 

Frequency 
Acceptance 

Corrective Action Responsible TriMatrix SOP 
Criteria Person Reference 

No maintenance is Change pump tubing, 
required as long as change torch and 

Analyst, TriMatrix SOP As needed instrument QC nebulizer, clean cone; Supervisor GR-01-100 
meets DoD QSM recalibrate and reanalyze 

criteria affected data 

Flush tubing daily. 
Change tubing at 

least weekly. Check 
Perma-pure system Per instrument 

for discoloration manufacturer's Inspect system and correct Metals Analyst 
TriMatrix SOP 

monthly. Replace instructions. problem. GR-01-123 
Perma-pure inner 
membrance every 

six months. Replace 
charcoal annually. 

Peform checks Inspect system and correct 
daily, do problem per manufactuer's Wet Chemistry 

maintenance as 
Conductivity < 1.0 

instructions; Perform new Analyst 
GR-02-113 

necessary initial calibration. 
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SAP WORKSHEET #26: SAMPLE HANDLING SYSTEM 
(UFP-QAPP Manual Appendix A) 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization): 

Sample Packaging (Personnel/Organization): 

Coordination of Shipment (Personnel/Organization): 

Type of Shipment/Carrier: 

SAMPLE RECEIPT AND ANALYSIS -

Sample Receipt (Personnel/Organization): 

Sample Custody and Storage (Personnel/Organization): 

Sample Preparation (Personnel/Organization): 

Sample Determinative Analysis (Personnel/Organization): 

SAMPLE ARCHIVING 

• 
Field Sample Storage (Number of days from sample collection): 

Sample Extract/Digestate Storage (Number of days from extraction/digestion): 

SAMPLE DISPOSAL 

Personnel/Organization: 

'Number of Days from Analysis: 

Field Operations Leader/Resolution Consultants 

Field Operations Leader/Resolution Consultants 

Field Operations Leader/Resolution Consultants 

Overnight via FedEx or UPS 

Sample Custodian / TriMatrix Laboratories 

Sample Custodian / TriMatrix Laboratories 

Laboratory Chemists /Tri Matrix Laboratories 

Laboratory Chemists / TriMatrix Laboratories 

60 Days 

60 Days 

Sample Custodian / TriMatrix LabOratories 

60 Days 
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SAP WORKSHEET #27: SAMPLE CUSTODY REQUIREMENTS 
(UFP-QAPP Manual Section 3.3.3) 

27.1 Sample Nomenclature, Sample Collection Documentation, Handling, and 

Tracking Procedures 

The following sections outline the procedures that will be used to document project activities and 
sample collection, handling, tracking, and custody procedures during the investigation. All forms 

must be filled in as completely as possible. 

27 .1.1 Sample Nomenclature 

Sample labeling will be conducted in general accordance with the procedures outlined in Worksheet 

18. Nomenclature for soil samples includes the soil boring identification number, sample media 

(S=soil, W=water), sample depth, and sample type code (i.e., EB=equipment blank). 

Nomenclature for aqueous samples from borings includes the boring identification number, sample 

media, sample depth, and sample type code. Nomenclature for aqueous samples from monitoring 
wells includes the monitoring well identification number, date, and sample type code. Trip blanks 

will be .labeled sequentially (i.e., TBOl, TB02, TB03). Samples to be used for MS/MSD will be 

labeled MS/MSD on the container label and noted on the CCC; however, "MS/MSD" will not be part 
of the unique sample identifier in order to maintain consistency with the project database. 

Duplicates will be collected as blind duplicates, labeled sequentially (i.e., FDOl, FD02) and no time 

of collection will be indicated on the CCC form. A record of the duplicate pairs will be maintained in 
the field logbook. 

Worksheet # 18 provides anticipated sample identifiers for this scope of work. 

27.1.2 Sample Collection Documentation 

Documentation of field observations will be recorded in a field logbook and/or field log sheets 
including sample collection logs, boring logs, and monitoring well construction logs. Field logbooks 
utilized on this project will consist of a bound, water-resistant logbook. All pages of the logbook 
will be numbered sequentially and observations will be recorded with indelible ink. Alternatively, 

boring logs may be recorded electronically using a tablet computer (e.g., EDGE software and 
Trimble Yuma rugged tablet computer). 

Field sample log sheets will be used to document sample collection details and other observations 

and activities will be recorded in the field logbook. Instrument calibration logs will be used to 
record the daily instrument calibration. 
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For sampling and field activities, the following types of information will be recorded in the 
field logbook as appropriate: 

• Site name and location 

• Date and time of logbook entries 

• Personnel and their affiliations 

• Activities involved with the sampling 

• Subcontractor activity summary 

• Site ~bservations including site entry and exit times 

• Site sketches made on site 

• Visitor names, affiliations, arrival and departure times 

• Health and safety issues, including personal protective equipment 

27.1.3 Sample Handling and Tracking System 
Resolution Consultants personnel will collect the samples. Samples will be preserved as appropriate 

based on the analytical method. The laboratories will provide pre-preserved sample containers for 
sample collection. Samples will be maintained at 0 to 6 degrees Celsius (0 C) until delivery to the 
laboratory. Samples will be placed in appropriate containers, packaged by Resolution Consultants' 

personnel and placed on ice in coolers under COC. All coolers will contain a temperature blank. 
The glass sample containers will be enclosed in bubble-wrap in order to protect the bottles during 

shipment. The cooler will be secured using strapping tape along with a signed custody seal. 
Sample coolers will be delivered to a local courier location for priority overnight delivery to the 

selected laboratory for analysis. 

After collection, each sample will be maintained in the sampler's custody until formally transferred 

to another party (e.g., FedEx, UPS). For all samples collected, COC forms will document the date 
and time of sample collection, the sampler's name, and the names of all others who subsequently 
held custody of the sample. Specifications for chemical analyses will also be documented on the 

COC form. Once received by the laboratory, receipt will be documented on the COC form and the 

samples will be checked in. The samples will remain under COC throughout the analysis period to 

ensure their integrity is preserved. Further details on COC procedures are provided in SOP 3-03 
(Appendix B). 
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27.2 Field Sample Custody Procedures 

COC protocols will be used throughout sample handling to establish the evidentiary integrity of 

sample containers. These protocols will be used to demonstrate that the samples were handled 
and transferred in a manner that would eliminate possible tampering. Samples for the laboratory 

will be packaged and shipped in accordance with SOP 3-04. 

A sample is under custody if: 

• The sample is in the physical possession of an authorized person. 

• The sample is in view of an authorized person after being in his/her possession. 

• The sample is placed in a secure area by an authorized person after being in his/her 
possession. 

• The sample is in a secure area, restricted to authorized personnel only. 

Custody documentation is designed to provide documentation of preparation, handling, storage, 

and shipping of all samples collected. A multi-part form is used with each page of the form signed 

and dated by the recipient of a sample or portion of sample. The person releasing the sample and 
the person receiving the sample each will retain a copy of the form each time a sample transfer 

occurs. Integrity of the samples collected will be the responsibility of identified persons from the 

time the samples are collected until the samples, or their derived data, are incorporated into the 
final report. 

The Resolution Consultants FOL is responsible for the care and custody of the samples 

collected until they are delivered to the laboratory or are entrusted to a carrier. When transferring 

samples, the Individuals relinquishing and receiving them will sign, date, and note the time on the 

COC form. This record documents the sample custody transfer from the sampler to the laboratory, 
often through another person or agency (common carrier). Upon arrival at the laboratory, internal 
sample custody procedures will be followed as defined in the laboratory SOPs. Laboratory SOPs are 
available upon request. 

27 .3 Laboratory Chain-of-Custody 

Coolers are received and checked for proper temperature. A sample cooler receipt form will be 
filled out to note conditions and any discrepancies. The COC form will be checked against the 

sample containers for accuracy. Samples will be logged into the laboratory Information 

Management System and given a unique log number which can be tracked through processing. 
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The laboratory PC will notify the Resolution Consultants FOL verbally or via e-mail of any problems 

on the same day that an issue is identified. 
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SAP WORKSHEET #28: LABORATORY QC SAMPLES TABLE 

(UFP-QAPP Manual Section 3.4) 

Matrix Groundwater Soil 
Analvtical Group voes 
Analvtical Method SW-846 8260B 
SOP Reference TriMatrix SOP GR-04-104 

Frequency/ Method/SOP -
QC Sample Number QC Acceptance Limits 

No analytes detected > 112 LOQ and 
> 1/10 the amount measured in any 
sample or 1/10 the regulatory limit 

Method One per preparatory (whichever is greater). Blank result 
Blank batch must not otherwise affect sample 

results. For common laboratory 
contaminants, no.analytes detected > 
LOQ (see Box D-1 in QSM V4.2). 

All field and QC acceptance criteria specified in 
Surrogates 

QC samples DoD QSM Version 4.2 

LCS One LCS per QC acceptance criteria specified in 
preparatory batch DoD QSM Version 4.2 

Retention time ± 30 seconds from 

Internal In all field samples 
retention time of the midpoint 
standard in the !CAL; EICP area 

Standards and standards within -50% to + 100% of !CAL 
midpoint standard 

One per preparatory For matrix evaluation, use LCS 
MS/MSD batch per matrix recovery criteria; RPD .'.5,30%. 

Notes: 
DoD QSM 
EICP 

Department of Defense Quality Systems Manual 
Extracted ion current profile 

GC gas chromatograph 
!CAL initial calibration 
LCS laboratory control sample 
LOQ limit of quantitation 
MS Mass Spectrometer 

Person(s) Data Quality 
Corrective Action Responsible for 

Indicators Corrective Action 

Correct problem; reanalyze any sample Analyst, Supervisor, Bias 
associated with a blank that fails 
criteria. 

QA Manager Contamination 

Reanalyze if sufficient sample is Accuracy 
Analyst, Supervisor, 

available. If reanalysis confirms failing 
QA Manager 

Bias 
recoveries, report and narrate. 

Reanalyze all associated samples. Analyst, Supervisor, Accuracy 
QA Manager Bias 

Inspect MS or GC for malfunctions. 
Reanalyze all samples with internal Analyst, Supervisor, Accuracy 
standard failures. If reanalysis Bias 
confirms matrix interference, report QA Manager 

sample and narrate. 

Contact the client to determine if 
additional measures are required. 

MS/MSD 
QA 
QC 
RPD 
SOP 
voe 
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Analyst, Supervisor, Accuracy 
Bias 

QA Manager Precision 

matrix spike/matrix spike duplicate 
quality assurance 
quality assurance 
relative percent difference 
Standard Operating Procedure 
volatile organic compound 

Measurement Performance 
Criteria 

No analytes detected > 112 LOQ and 
> 1/10 the amount measured in 
any sample or 1/10 the regulatory 
limit (whichever is greater). Blank 
result must not otherwise affect 
sample results. For common 
laboratory contaminants, no 
analytes detected > LOQ 
(see Box D-1 in QSM V4.2). 

QC acceptance criteria specified in 
DoD QSM Version 4.2 

QC acceptance criteria specified in 
DoD QSM Version 4.2 

Retention time ± 30 seconds; EICP 
area within -50% to + 100% of 
midpoint of !CAL 

For matrix evaluation, use LCS 
recovery criteria; RPD .'.5,30%. 
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SAP WORKSHEET #28: LABORATORY QC SAMPLES TABLE (CONTINUED) 

(UFP-QAPP Manual Section 3.4) 

Matrix Groundwater, Soil 
Analvtical Group Iron 
Analvtical Method SW-846 6010C 
SOP Reference TriMatrix SOP GR-01-100 

Person(s) 

QC Sample 
Frequency/ Method/SOP - Corrective Action 

Responsible Data Quality Measurement Performance Criteria 
Number QC Acceptance Limits for Corrective Indicators 

Action 

No analytes detected > 'h LOQ and > No analytes detected > 'h LOQ and > 1/10 
1/10 the amount measured in any sample Correct problem; re-

the amount measured in any sample or 
or 1/10 the regulatory limit (whichever is 

prepare and/or reanalyze Analyst, 
1/10 the regulatory limit (whichever is 

One per preparatory greater). Blank result must not otherwise Bias greater). Blank result must not otherwise 
Method Blank 

batch affect sample results. For common 
any sample associated Supervisor, Contamination affect sample results. For common 
with a blank that fails QA Manager 

laboratory contaminants, no analytes criteria. 
laboratory contaminants, no analytes 

detected> LOQ (see Box D-1 in QSM detected > LOQ 
V4.2). (see Box D-1 in QSM V4.2). 

One LCS per QC acceptance criteria specified in DoD 
Re-prepare and/or Analyst, Accuracy QC acceptance criteria specified in DoD 

LCS reanalyze all associated Supervisor, 
preparatory batch QSM Version 4.2 samples. QA Manager 

Bias QSM Version 4.2 

Sample One per preparatory 
Contact the client to Analyst, 

Duplicate or RPD :5 20% determine if additional Supervisor, Precision RPD :5 20% 
MSD 

batch measures are required. QA Manager 

One per preparatory QC acceptance criteria specified in DoD 
Contact the client to Analyst, Accuracy QC acceptance criteria specified in DoD 

Matrix Spike determine if additional Supervisor, 
batch per matrix QSM Version 4.2 measures are required. QA Manager 

Bias QSM Version 4.2 

One per preparatory 
Five-fold dilution must agree within ± Perform Post Digestion Analyst, Accuracy 

Five-fold dilution must agree within ± 10% 
Dilution Test 10% of the original measurement for Supervisor, of the original measurement for samples 

batch samples with concentrations > 50 x LOQ Spike QA Manager Bias with concentrations > 50 times LOQ 
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CONSULTANTS,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._is._'io_n_:_O~;_J_u~ly_2_0_1_3 

Matrix Groundwater Soil 
Analytical Group Iron 
Analvtical Method SW-846 6010C 
SOP Reference TriMatrix SOP GR-01-100 

QC Sample 

Post 
Digestion 
Spike 

Notes: 
DoDQSM 
LCS 
LOD 
LOQ 

Frequency/ Method/SOP-
Number QC Acceptance Limits 

When dilution test 
fails, the analyte 
concentration in all Recovery 80-120% 
samples < 50 x LOD, 
or the MS/MSD 
recoveries fail. 

Department of Defense Quality Systems Manual 
laboratory control sample 
limit of detection 
limit of quantitation 

Corrective Action 

Contact the client to 
determine if additional 
measures are required. 

MSD 
QA 
QC 
RPD 
SOP 

WS28-3 

Person(s) 
Responsible Data Quality 

for Corrective Indicators 
Action 

Analyst, 
Supervisor, 

Accuracy 
Bias QA Manager 

matrix spike duplicate 
quality assurance 
quality assurance 
relative percent difference 
Standard Operating Procedure 

Measurement Performance Criteria 

Recovery 80-120% 
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SAP WORKSHEET #28: LABORATORY QC SAMPLES TABLE (CONTINUED) 

{UFP-QAPP Manual Section 3. 4) 

Matrix Soil 

Analytical Group Total Organic Carbon 

Analytical Method Walkley-Black 

SOP Reference TriMatrix SOP GR-06-105 

Frequency/ Method/SOP -
QC Sample 

Number QC Acceptance Limits 

Method One per preparatory No analytes detected > LOD 
Blank batch 

LCS One LCS per Recovery 8S-115% preparatory batch 

Laboratory One per preparatory 
Duplicate batch RPD 20% 

Notes: 
LCS 
QA 
LOD 

laboratory control sample 
quality assurance 
limit of detection 

Person(s) 
Data Quality 

Corrective Action Responsible for 
Indicators 

Corrective Action 

Correct problem; reanalyze any sample 
Analyst, Supervisor, Bias associated with a blank that fails 

criteria. 

Reanalyze all associated samples. 

Contact the client to determine if 
additional measures are required. 

QC 
RPO 
SOP 
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QA Manager Contamination 

Analyst, Supervisor, Accuracy 
QA Manager Bias 

Analyst, Supervisor, 
Accuracy 

QA Manager Bias 
Precision 

quality assurance 
relative percent difference 
Standard Operating Procedure 

Measurement Performance 

Criteria 

No analytes detected > LOD 

Recovery 85-115% 

RPD 20% 
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SAP WORKSHEET #28: LABORATORY QC SAMPLES TABLE (CONTINUED) 

(UFP-QAPP Manual Section 3. 4) 

Matrix Groundwater 

Analytical Group Sulfate, Nitrate 

Analytical Method SW-846 9056A 

SOP Reference TriMatrix SOP GR-02c113 

QC Sample 

Method 
Blank 

LCS containing 
sulfate and 
nitrate 

Matrix Spike 

Matrix Spike 
Duplicate 

Sample 
Duplicate 

Notes: 
%0 
DQO 
LCS 
LOQ 

Frequency/ Method/SOP -

Number QC Acceptance Limits 

No analytes detected > 1h LOQ and > 
1/10 the amount measured in any 

One per preparatory sample or 1110 the regulatory limit 
batch (whichever is greater). Blank result 

must not otherwise affect sample 
results. 

One per preparatory 
batch 

See Appendix C 

One per preparatory 
batch per matrix See Appendix C 

One per preparatory 
batch per matrix See Appendix C 

One per every 10 %0 :S 10% {between sample and 
samples. sample duplicate). 

percent difference 
daily quality objective 
Laboratory control sample 
limit of quantitation 

Person(s) 

Corrective Action Responsible for 

Corrective Action 

Correct problem. If required, reprep 
and reanalyze method blank and all 
samples processed with the Analyst, Supervisor, 
contaminated blank. QA Manager 

Correct problem, then reprep and 
reanalyze the LCS and all samples in 
the associated preparatory batch for Analyst, Supervisor, 
failed analytes, if sufficient sample QA Manager 
material is available 

Examine the project-specific DQOs. 
Analyst, Supervisor, Contact the client as to additional 

QA Manager measures to be taken. 

Examine the project-specific DQOs. Analyst, Supervisor, Contact the client as to additional 
QA Manager 

measures to be taken. 

Correct problem and reanalyze sample Analyst, Supervisor, 
and duplicate. QA Manager 

QA 
QC 

quality assurance 
quality assurance 
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Data Quality Measurement Performance 

Indicators Criteria 

No analytes detected > 'h LOQ and 
> 1/10 the amount measured in 

Bias any sample or 1/10 the regulatory 
Contamination limit (whichever is greater). Blank 

result must not otherwise affect 
sample results. 

Accuracy 
Bias See Appendix C 

Accuracy 
Bias See Appendix C 

Accuracy 
Bias See Appendix C 

Precision 

Precision %0 :S 10% (between sample and 
sample duplicate). 
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SAP WORKSHEET #28: LABORATORY QC SAMPLES TABLE (CONTINUED) 

- (UFP-QAPP Manual Sedion 3. 4) 

Matrix Groundwater 

Analytical Group Dissolved Gasses (methane, ethane, ethane) 

Analytical Method RSK 175 

SOP Reference TriMatrix SOP GR-03-130 

QC Sample 

Method 
Blank 

LCS 

Matrix Spike 

Matrix Spike 
Duplicate 

Notes: 
MS/MSD 
LCS 
LOQ 
QC 
SOP 

Frequency/ Method/SOP -

Number, QC Acceptance Limits 

One per preparatory 
No analytes detected > 112 LOQ and > 
1/10 the amount measured in any 

batch of up to 20 sample. Blank result must not 
samples otherwise affect sample-results. 

One per preparatory 
batch of up to 20 See Appendix C 
samples 

One per preparatory 
batch of up to 20 
samples See Appendix C 

One per preparatory I 
batch of up to 20 
samples See Appendix C 

matrix spike/matrix spike duplicate 
laboratory control sample 
limit of quantitation 
quality assurance 
Standard Operating Procedure 

Corrective Action 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Re-prepare and analyze all assoCiated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, re-
prepare and analyze the associated 
samples and QC, otherwise report and 
narrate. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, re-
prepare and analyze the associated 
samples and QC, otherwise report and 
narrate. 
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Person(s) 
Data Quality Measurement Performance 

Responsible for 
Indicators Criteria 

Corrective Action 

No analytes detected > 112 LOQ and 
Analyst/Laboratory, Bias > 1/10 the amount measured in 

Supervisor Contamination any sample. Blank result must not 
otherwise affect sample results. 

Analyst/Laboratory, Accuracy Supervisor 
Bias 

See Appendix C 

Analyst/Laboratory, 
Supervisor Accuracy 

Bias See Appendix C 

Analyst/Laboratory, 
Supervisor Accuracy 

Bias See Appendix C 
Precision 
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SAP WORKSHEET #29: PROJECT DOCUMENTS AND RECORDS TABLE 

(UFP-QAPP Manual Section 3.51) 

Field Documents 
Field Logbook 
Field Sample Forms 
Chain of Custody Records 
Air Bills 

Document 

Sampling Instrument Calibration Logs 
Sampling Notes 
Photographs 
SAP 
Health and Safety Plan 

Labo_ratory Documents 
Sample receipt, custody, and tracking record 
Equipment calibration logs 
Sample preparation logs 
Analysis Run logs 
Corrective Action forms 
Reported field sample results 
Reported results for standards, QC checks, and QC samples 
Extraction/clean-up records 
Raw data 

Laboratory Electronic Deliverables 
Analytical Data 

Where Maintained 

Field documents will be maintained in the project file located in the Resolution Consultants' 
Minneapolis, Minnesota office for 7 years after completion of contract task order. 

Per Section 4.12, Control of Records, of the Department of Defense (DoD) Quality Systems Manual 
(2010), all analytical documents and records shall be retained by the laboratory for a minimum of 5 
years. All information necessary for the historical reconstruction of data must be maintained by the 
laboratory. Records that are stored only on electronic media must be supported by the hardware 
and software necessary for their retrieval. 

Laboratory data deliverables will also be maintained in the Resolution Consultants' Minneapolis 
Minnesota project file. 

Analytical data will be compiled, validated and verified using the project database, an EQuIS 
database maintained by Resolution Consultants. The data is located on a password protected 
Structured Query Language server. 

The project database provides the data validator with the data to be validated and the electronic 
"form" for making validation corrections (qualifiers, results adjustments) which is uploaded back into 
the database to apply the validation corrections. Report tables, maps and other figures are prepared 
from the project database, to include the validation qualifiers. 

Once the verification is complete, it is exported into the NIRIS electronic data deliverable format for 
upload into the NIRIS database, maintained by the Navy. 
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Document 

Assessment Findings 
Field Sampling Audit Checklist (if conducted) 
Analytical Audit Checklist (if conducted) 
Data Validation Memoranda (includes tabulated data summary forms) 

Reports 
Source Area Investigation Report for Remedial System Optimization 

Notes: 
NAVFAC 
NIRIS 
QC 
SAP 

Naval Facilities Engineering Command 
Naval Installation Restoration Information Solution 
Quality control 
Sampling and Analysis Plan 

'·· Where Maintained 

All assessment documents will be maintained in the Resolution Consultants' Minneapolis, Minnesota 
project file and electronically in the server library. 

All reports will be stored in hardcopy in the Resolution Consultants' Minneapolis, Minnesota project 
file, electronically in the server library, and will be uploaded to the NIRIS database. Hard copies and 
CD-ROMs of reports are also forwarded to NAVFAC and stored at the National Archives 

Long-Term Storage/Location of Project Documents (Listed Above) 
Analytical data generated in the field and reports generated for the project will be stored in computer readable data files by AECOM Technical Services, Inc. in the Minneapolis office. As 
outlined in the Environmental Restoration Program Recordkeeping Manual, reports, analytical data, etc will be maintained in the Administrative Record File. Other files will be maintained at the 
office until completion of the tasks described in this SAP. Upon completion of the project, hardcopy files will be transferred to long-term data package storage at a third-party professional 
document storage firm and stored for 7 years. 
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SAP WORKSHEET #30: ANALYTICAL SERVICES TABLE 

(UFP~QAPP Manual Section 3.5.2.3) 

Analytical 
Sample 

Matrix Locations/ID Analytical Method/SOP 
Group Numbers 

Groundwater voes See Worksheet # 18 SW-846 5030/8260BGR-04-104 

Groundwater Iron See Worksheet # 18 SW-846 3010A/6010C 
GR-01-147/GR-01-100 

Groundwater Sulfate/Nitrate See Worksheet # 18 
SW-846 9056A 

GR-02-113 

Groundwater Dissolved Gases See Worksheet # 18 
RSK 175 

GR-03-130 

Soil voes See Worksheet # 18 SW-846 5035/82608 
GR-04-104 

Soil Iron See Worksheet #18 
SW-846 3050B/6010C 

GR-01-100 

Soil TOC See Worksheet #18 
Walkley-Black 

GR-06-105 

TCLPVOes See Worksheet #18 
SWB260B 

GR-03-105/GR-04-104 

TCLP SVOCs See Worksheet # 18 
SW8270C 

. GR-04-103 

TCLP Pesticides See Worksheet # 18 
SW8081B 
GR-03-120 

IDW TCLP Metals See Worksheet # 18 SW60 lOC/74 70A 

Groundwater GR-01-100/ GR-01-123 

PCBs See Worksheet # 18 
SWB082A 
GR-03-128 

Ignitability See Worksheet # 18 
SW1020A 
GR-18-124 

pH See Worksheet # 18 
9040C 

GR-07-100 
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Data Package 
Laboratory/Organization• 

Backup (name and address, contact person TAT and telephone number) Laboratory 

TriMatrix Laboratories Inc., 5560 Corporate None 
21 Calendar Days Exchange Court, SE, Grand Rapids, MI 49512 

Walt Roudebush, 616-975-4561 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 

21 Calendar Days 
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Analytical Sample Data Package Laboratory /Organization1 

Backup Matrix Locations/ID Analytical Method/SOP (name and address, contact person 
Group Numbers 

TAT and telephone number) Laboratory 

TCLPVOCs See Worksheet #18 
SW-846 1311/82608 

21 Calendar Days 
GR-01-119/GR-04-104 

TCLP SVOCs See Worksheet # 18 
SW-846 1311/8270( 

21 calendar Days 
GR-01-119/GR-04-1 

TCLP Pesticides See Worksheet #18 
SW-846 1311/80818 21 calendar Days 

GR-01-119/GR-03-120 

TCLP Metals See Worksheet #18 
SW-846 1311/6010( 

21 calendar Days 
GR-01-l 19/GR-01-100/GR-01-128 

IDW Soil 
SW8082A 

PC8s See Worksheet # 18 GR-03-128 
21 calendar Days 

Ignitability See Worksheet # 18 
SW1020A 

21 Calendar Days 
GR-18-124 

pH See Worksheet # 18 
SW9045D 

21 Calendar Days 
GR-07-113 

Paint Filter Test See Worksheet # 18 
90958 

21 Calendar Days 
GR-19-102 

Notes: 
1 Laboratory meets accreditation requirements to support project needs. 
ID identification 
IDW investigation-derived waste 
PCB polychlorinated biphenyl 
SOP Standard Operating Procedure 
SVOC semivolatile organic compounds 
TAT turn-around time 
TCLP toxicity characteristic leaching procedure 
TOC total organic carbon 
VOC Volatile organic compounds 
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SAP WORKSHEET #31: PLANNED PROJECT ASSESSMENTS TABLE 

(UFP-QAPP Manual Section 4.1.1) 

Assessment Type Frequency 

Review of field Daily 
procedures 

Review of field Daily 
notes 

Review of field Daily 
instrument 
calibration sheets 
Review of COC For each sample 
forms shipment 

Review of QC For each data 
results and data package 
packaae 

Notes: 
CA= 
coc = 
FOL= 
PC= 
PM= 
QC= 

corrective action 
chain-of-custody 
field operations leader 
Project Chemist 
Project Manager 
quality control 

Internal or 

External 

Internal 

Internal 

Internal 

Internal/ 
External 

External/ 
Internal 

Organization 
Person(s) 

Responsible for 
Performing 

Performing 
Assessment 

Assessment 

Resolution FOL, Resolution 
Consultants Consultants 

Resolution FOL, Resolution 
Consultants Consultants 

Resolution FOL, Resolution 
Consultants Consultants 

Resolution PC, Resolution 
Consultants I Consultants I 
Tri Matrix Laboratorv PM 
TriMatrix /Resolution Laboratory PC /PC 
Consultants 
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Person(s) Responsible Person(s) Responsible Person(s) Responsible 

for Responding to for Identifying and for Monitoring 

Assessment Findings Implementing CA Effectiveness of CA 

PM, Resolution PM, Resolution PM, Resolution Consultants 
Consultants Consultants FOL, Resolution Consultants 

PM, Resolution PM, Resolution PM, Resolution Consultants 
Consultants Consultants Field Manager, Resolution 

Consultants 

PC, Resolution Consultants PC, Resolution Consultants PM, Resolution Consultants 

FOL, Resolution Consultants 

PC, Resolution Consultants Field Manager, Resolution PC, Resolution Consultants 
Consultants PC, Resolution 
Consultants 

Laboratory PC, TriMatrix Laboratory PC, TriMatrix PC, Resolution Consultants 
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SAP WORKSHEET #32: ASSESSMENT FINDINGS AND CORRECTIVE ACTION RESPONSES TABLE 

(UFP-QAPP Manual Section 4.1.2) 

Individual(s) Notified 
Nature of 

of Findings Nature of Corrective Action 
Assessment Type Deficiencies 

(name, title, 
Timeframe of Notification 

Response Documentation 
Documentation 

organization)• 

Review of field Non-conformance PM, Resolution 24 hours after audit (no notification Verbal Communication/logbook 
orocedures Form (NC) Consultants required if no deficiencies observed) record 

Review of field notes Non-conformance PM, Resolution 24 hours after audit (no notification Verbal Communication/logbook 
Form (NC) Consultants required if no deficiencies observed) record 

Review of field Non-conformance PC, Resolution 24 hours after audit (no notification Verbal Communication/logbook 
instrument calibration Form (NC) Consultants required if no deficiencies observed) record 

sheets PM, Resolution -
Consultants 

Review of COC forms email notice of non- PC 24 hours after audit (no notification Verbal Communication/email 
conformance, Resolution Consultants required if no deficiencies observed) documentation 

Laboratory case PM, Resolution 
narrative Consultants 

Review of QC results email notice of non- PC, Resolution Non-conformance notification - within Verbal Communication/email 
and data package conformance, Consultants 24 hour of observation. Case documentation 

Laboratory case PM, Resolution narrative, within 21 days of sample 
narrative Consultants collection 

Notes: 
= Individuals identified in Worksheet #7. 

COC = chain-of-custody 
FOL = Field Operations Leader 
PC = Project Chemist 
PM = Project Manager 
QC = quality control 
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Individual(s) Receiving 

Corrective Action 
Timeframe 

Response 
for Response 

(name, title, 

organization)• 

FOL, 24 hours after 
Resolution Consultants ·notification 

FOL, 24 hours after 
Resolution Consultants notification 

FOL, 24 hours after 
Resolution Consultants notification 

FOL, 24 hours after 
Resolution Consultants notification 

PM, Resolution Consultants 

PM, Resolution Consultants 24 hours after 
notification 
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SAP WORKSHEET #33: QUALITY ASSURANCE MANAGEMENT REPORTS TABLE 

(UFP QAPP Manual Section 4.2) 

Frequency 
Type of Report (daily, weekly monthly, 

quarterly, annually, etc.) 

Chemical Data Quality 
Per sample delivery group 

Review Report 

Laboratory Quality 
When significant plan deviations 

Assurance Report result from unanticipated 
circumstances 

Source Area 
Investigation Report for Upon project completion Remedial System 
Optimization 

Notes: 
MPCA 
NAVFAC MW 
PC 

= Minnesota Pollution Control Agency 

PM 
RPM 
USEPA 

= Naval Facilities Engineering Command, Midwest 
= Project Chemist 
= Project Manager 
= Remedial Project Manager 
= United States Environmental Protection Agency 

Person(s) Responsible for 

Projected Delivery Date(s) Report Preparation 
(title and organizational 

affiliation) 

Within 4 weeks after receiving the PC or Data Validator, 
data from the laboratory Resolution Consultants 

Immediately upon detection of 
problem (on the same day) Laboratory PM, TriMatrix 

See Worksheet #16 PM, Resolution Consultants 
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Report Recipient(s) 
(title and organizational affiliation) 

PM, Resolution Consultants; project file 

PC, PM, and project file, Resolution 
Consultants 

RPM, Department of the Navy NAVFAC MW 

RPM, USEPA Region 5 

PM, MPCA 
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SAP WORKSHEETS #34-36: DATA VERIFICATION AND VALIDATION (STEPS I AND llA/118) PROCESS TABLE 
(UFP-QAPP Manual Sedion 5.2.1) 

Data Review Input Description Responsible for Verification 
(name, organization) 

Verification Review the sample shipment for completeness, integrity, and sign accepting the shipment. All 
sample labels will be checked against the ctiain-of-custody form, and any discrepancies will be Laboratory sample custodians Chain-of-custody forms identified, investigated, and corrected. The samples will be logged in at every storage area and 
work station required by the designated analyses. Individual analysts will verify the completeness and analysts, TriMatrix 

Sample Login/Receipt and accuracy of the data recorded on the forms. 

Verification Check that the chain-of-custody form was signed/dated by the sampler relinquishing the samples Project chemist or data 

Chain-of-custody forms and by the laboratory sample custodian receiving the samples for analyses. validators, Resolution Consultants 

Verification FOL or designee, Resolution 
Verify that all proposed samples listed in the SAP tables have been collected. 

SAP sample tables Consultants 

Verification 

Sample log sheets and field Verify that information recorded in the log sheets and field notes are accurate and complete. 
FOL or designee, Resolution 
Consultants 

notes 

Verification Check that field QC samples, described in Worksheet #12 and listed in Worksheet #20 were FOL or designee, Resolution 

Field QC samples collected as required. Consultants 

Verification Verify all analytical data packages will be verified internally for completeness by the laboratory 
Laboratory project manager, performing the work. The laboratory project manager (or designee) will sign the case narrative 

Analytical data package for each data package. 
TriMatrix 

Verification Verify the data package for completeness. Missing information will be requested from the FOL, Project chemist or data 

Analytical data package laboratory and validation (if performed) will be suspended until missing data are received. validators, Resolution Consultants 

Verification Verify the electronic data against the chain-of-custody and hard copy data package for accuracy Data manager and/or validator, 
Electronic data deliverables and completeness. Resolution Consultants 
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Step I/ Internal/ 
Ila/llb 1 External 

I Internal 

I External 

I External 

I External 

I External 

I Internal 

I External 

I External 
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Data Review Input Description Responsible for Verification Step I/ Internal/ 
(name, organization) lla/llb 1 External 

Validation Examine the traceability of the data from time of sample collection until reporting of data. Ensure Project chemist or data 
that the custody and integrity of the samples were maintained from collection to analysis and the Ila External 

Chain-of-custody custody records are complete and any deviations are recorded. 
validators, Resolution Consultants 

Validation-
Review that the samples were shipped and stored at the required temperature and sample pH for 
chemically-preserved samples meet the requirements listed in Worksheet #19. Ensure that the Project chemist or data 

Ila External 
Holding Times analyses were performed within the holding times. If holding times were not met, confirm that validators, Resolution Consultants 

deviations were documented. 

Validation 
Check that the laboratory recorded the temperature at sample receipt and ·the pH of the 

Sar:nple results for 
Project chemist or data 

IIa/IIb External 
chemically preserved samples to ensure sample integrity from sample collection to analysis. validators, Resolution Consultants 

representativeness 

Validation. Ensure that the laboratory QC samples were analyzed and that the measurement performance 

Laboratory data results for 
criteria, listed in Worksheet #28, were met for all field samples and QC analyses. Check that Project chemist or data 

IIa/IIb External 
specified field QC samples were collected and analyzed, as listed in Worksheet # 12, and that the validators, Resolution Consultants 

accuracy analytical QC criteria were met. -

Validation Check the field sampling precision by calculating the RPD for field duplicate samples. Check the 

Field and laboratory duplicate 
laboratory precision by reviewing the RPD or percent difference values from laboratory duplicate Project chemist or data 

IIa/IIb External 
analyses; MS/MSDs; and LCS/LCSDs. Ensure compliance with the precision goals listed in validators, Resolution Consultants 

analyses for precision Worksheets #12 and #28. 

Validation Assess and document the impact on matrix interferences or sample dilutions performed because Project chemist or data 
of the high concentration of one or more contaminant, on the other target compounds reported as IIa/IIb External 

Project action limits undetected. 
validators, Resolution Consultants 

Summarize deviations from methods, procedures, or contracts. Qualify data results based on 

Validation method or QC deviation and explain all the data qualifications. Present tabular qualified data and Project chemist or data 
data qualifier codes and summarize data qualification outliers. Determine if the data met the IIa/IIb External 

Data quality assessment report measurement performance criteria and determine the impact of any deviations on the technical 
validators, Resolution Consultants 

usability of the data. 
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Data Review Input Description Responsible for Verification Step I/ Internal/ 
(name, organization) IIa/IIb 1 External 

Validation Ensure that all QC samples specified in the SAP were collected and analyzed and that the Project chemist or data 

SAP QC sample documentation associated results were within acceptance limits. validators, Resolution Consultants lla/IIb External 

Validation Determine the impact of any deviation from sampling or analytical methods and laboratory SOP Project chemist or data 

Analytical data deviations requirements and matrix interferences effect on the analytical results. validators, Resolution Consultants 
lib External 

Validation 

Project quantitation limits for Ensure that the project detection limits were achieved. 
Project chemist or data 

lib External 
validators, Resolution Consultants 

sensitivity 

Validate VOC data using SW846 8260B method-specific criteria, data quality indicators provided in 

Validation 
the DoD QSM, and those listed in Worksheets #12, #19, and #28. All data will be validated and 
raw instrument outputs assessed and recalculated for 10% of the reported results. USEPA's 

Project chemist or data 
Groundwater and Soil - Contract Laboratory Program National Functional Guidelines for Supetfund Organic Methods Data lla/IIb External 

Review (2008) will be used for the general approach in applying qualifiers. However, qualifiers 
validators, Resolution Consultants 

voes will be assigned when control limits identified in this SAP are exceeded rather than using the 
control limits in the National Functional Guidelines. 
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Data Review Input Description Responsible for Verification 
(name, organization) 

Qualifiers that will be applied during the data validation process are summarized below and, as 
indicated, results will be considered usable for interpretation unless the results are rejected when 
extreme data quality indicator failures are noted. The Data Validation Checklists in Appendix B 
summarize procedures for assigning data qualifiers. 

· Qualifier Definition 

J Estimated value because result is at a concentration less than the LOQ or due 
to associated OC outliers 

Validation Data qualifiers UJ Estimated reoortina limit due to associated OC outliers Project chemist or data 
validators, Resolution Consultants 

Notes: 
1na 
1ub 
SAP 
FOL 
LOQ 
QC 
RPD 
MS/MSD 
LCS/LCSD 
SOP 
voes 
DoD QSM 
UFP-QAPP 
US EPA 

B Analyte result is considered a high estimated value due to contamination 
oresent in an associated blank. 

UB Detected result is less than the limit of quantitation and the detection is 
considered to be a false positive due to contamination present in an 
associated blank. 

R Analvte result is reiected - result is not usable. 

NP A second, more technically valid result is available (to be used if more than 
one result is reoorted for an analvte oer method). 

Compliance with methods, procedures, and contracts [see Table 10, page 117, UFP-QAPP Manual, V.1, March 2005.] 
Comparison with measurement performance criteria in the SAP [see Table 11, page 118, UFP-QAPP Manual, V.1, March 2005] 
Sampling and analysis plan 
Field team leader 
limit of quantitation 
Quality control 
Relative percent difference 
Matrix spike/Matrix Spike duplicate 
Laboratory control sample/laboratory control sample duplicate 
Standard operating procedure 
Volatile organic compounds 
Depattrnent of Defense Quality Systems Manual for Environmental Laboratories, Version 4.2, October 2010 
Uniform Federal Policy for Quality Assurance Plans 
U.S. Environmental Protection Agency 
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RESOLUTION 
CONSVLTANTS~~~~~~~~~~~~~~~~~~~~~~~~~R_e_v._'ist_on_:_O_;_Ju~~-2_0~13 

SAP WORKSHEET #37: USABILITY ASSESSMENT 
(UFP-QAPP Manual Section 5.2.3) 

Data Review 

The usability of the data directly affects whether project objectives can be achieved. The following 
characteristics will be evaluated at a minimum. The results of these evaluations will be included in 
the Chemical Data Quality Review Report which will be appended to the final project report. 
Overall trends if any that may be associated with the data will be evaluated and discussed in the 
Chemical Data Quality Review Report. 

• Completeness - The PC, acting on behalf of the Project Team, will determine whether 
deviations from the scheduled sample collection or analyses occurred. If they have 
occurred and the Resolution Consultants PM determines that the deviations compromise the 
ability to meet project objectives she will consult with the Navy RPM and other project team 
members, as necessary (determined by the Navy RPM), to develop appropriate 
corrective actions. 

Completeness will be measured by determining the percentage of usable results out of 
planned results. Usable results are results that have not been rejected during data review 
and validation. Planned results are all the results that were planned to be reported for the 
project or a method. 

Completeness= Usable Results x 100 
Planned Results 

The completeness goal for samples received·at the laboratory for this project is 95 percent. 

The completeness goal for the collection of planned field samples is 80 percent. It is 
considered possible that site conditions will prevent the collection of all samples, particularly 
samples at greater depths. 

• Precision - The PC, acting on behalf of the Project Team, will determine whether 
precision goals for field duplicates and laboratory duplicates were met. This will be 
accomplished by comparing duplicate results to precision goals identified in Worksheets #12 
and #28. This will also include a comparison of field and laboratory precision with the 
expectation that laboratory duplicate results will be no less precise than field duplicate 
results. If the goals are not met or data have been flagged as estimated (Q qualifier) 
limitations on the use of the data will be described in th~ project report. 

• Accuracy - The PC, acting on behalf of the Project Team, will determine whether the 
accuracy/bias goals were met for project data. This will be accomplished by comparing 
percent recoveries of· LCS/LCSD, MS/MSD, and surrogate compounds to accuracy goals 
identified in Worksheet #28. This assessment will include an evaluation of field and 
laboratory contamination; instrument calibration variability; and analyte recoveries for 
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SAP Worksheet #37 
RESOLUTION 
CONSVLTANTS~~~~~~~~~~~~~~~~~~~~~~~~~R_e_w_~_on_:_O~;Ji_u~~-2_0_13 

surrogates, MS/MSD, and LCS. If the goals are not met, limitations on the use of the data 
will be described in the project report. Bias of the qualified results and a description of the 
impact of identified non-compliances on a specific data package or on the overall project 
data will be described in the project report. 

• Representativeness - A project scientist, identified by the Resolution Consultants PM 
and acting on behalf of the Project Team, will determine whether the data are adequately 
representative of intended populations, both spatially and temporally. This will be 
accomplished by verifying that samples were collected and analyzed in accordance with this 
SAP, by reviewing spatial and temporal data variations, and by comparing these 
characteristics to expectations. The usability report will describe the representativeness of 
the data for each matrix and analytical fraction. This will not require quantitative 
comparisons unless professional judgment of the project scientist indicates that a 
quantitative analysis is required. Verify that standardized SOPs were followed for the 
collection of field samples and field measurements. 

• Comparability - The PC, acting on behalf of the Project Team, will determine whether 
the data generated under this project are sufficiently comparable to historical property data 
generated by different methods and for samples collected using different procedures and 
under different property conditions. This will not require quantitative comparisons unless the 
Project Chemist indicates that such quantitative analysis is required. Verify that 
standardized SOPs were followed for the installation of monitoring wells, collection of field 
samples, and field measurements. MIP results for voes will be compared to definitive 
groundwater and soil results to determine how well the screening procedure can correlate 
with the definitive results. 

• Sensitivity - The PC, acting on behalf of the Project Team, will determine whether project 
sensitivity goals listed in Worksheet #15 are achieved. If sensitivity goals are not achieved, 
the limitations on the data will be described. 

Describe the evaluative procedures used to assess overall measurement error 
associated with the project: 
After completion of the data validation, the data and data quality will be reviewed to determine 
whether sufficient data of acceptable quality are available for decision making. The Resolution 
Consultants FOL, PC, and Project Manager will assess whether the data collectively support the 
attainment of project objectives. They will consider whether any missing or rejected data have 
compromised the ability to make decisions or to make the decisions with the desired level of 
confidence. The data will be evaluated to determine whether missing or rejected data can be 
compensated by other data. Rejected data will not be used for making decisions. 
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Identify the personnel responsible for performing the usability assessment: 
The Resolution Consultants PM, PC, and FOL will be responsible for conducting the listed data 

usability assessments. The data usability assessment will be reviewed with the Project Team. If 
deficiencies affecting the attainment of project objectives are identified, the review will take place 
either in a face to face meeting or a teleconference depending on the extent of identified 

deficiencies. If no significant deficiencies are identified, the data usability assessment will simply be 

documented in the project report and reviewed during the normal document review cycle. 

Describe the documentation that will be generated during usability assessment and 
how usability assessment results will be presented so that they identify trends, 
relationships (correlations), and anomalies: 
The data will be presented in tabular format, including data qualifications such as estimation (J, UJ, 

B, UB) or rejection (R). The project report will identify and describe the data usability limitations 

and suggest re-sampling or other corrective actions, if necessary. Graphical presentations of the 

data such as concentration tag maps will be generated as part of the overall data evaluation 

process. 
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Figure A-1 . Source: 
Record of Decision Operable Unit (OU) 2 and Operable Unit (OU) 3, NIROP, Fridley, MN, Southern 
Division Naval Facilities Engineering Command, Contract No. N62467-94-D-0888, CTO 0003, 
August 2003 
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Figure A-2. Source: 
2011 Annual Monitoring Report, NIROP, Fridley, MN, Tetra Tech, November 2012 
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Figure A-3. Source: 
Record of Decision Operable Unit (OU) 2 and Operable Unit (OU) 3, 
Southern Division Naval Facilities Engineering Command, Contract 
No. N62467-94-D-0888, CTO 0003, August 2003 
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Figure A-4. Source: 
Source Investigation Map Methodology, NIROP Superfund Site, Fridley, MN, NAFVAC MW, February 2012 
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RESOLUTION CONSULTANTS STANDARD OPERATING PROCEDURES, 

FIELD FORMS, AND DATA VALIDATION CHECKLISTS 



(@) 
RESOLUTION 
CONSVLTANTS 

Utility Clearance 

Procedure 3-01 

1.0 Purpose and Scope 

1.1 This standard operating procedure (SOP) describes the process for determining the presence of 
subsurface utilities and other cultural features at locations where planned site activities involve the 
physical disturbance of subsurface materials. 

1.2 This procedure is the Program-approved professional guidance for work performed by Resolution 
Consultants under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract 
(Contract Number N624 70-11-0-8013). 

1.3 The procedure applies to the following activities: soil gas surveying, excavating, trenching, drilling of 
borings and installation of monitoring and extraction wells, use of soil recovery or slide-hammer hand 
augers, and all other intrl.Jsive sampling activities. 

1.4 The primary purpose of the procedure is to minimize the potential for damage to underground utilities 
and other subsurface features, which could result in physical injury, disruption of utility service, or 
disturbance of other subsurface cultural features. 

1.5 If there are procedures, whether it be from Resolution Consultants, state, and/or federal, that are not 
addressed in this SOP and are applicable to utility clearance, those procedures should be added as an 
appendix to the project specific SAP. 

1.6 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accoi-dance with Program requirements for technical planning and review. 

2.0 Safety 

2.1 Field and subcontractor personnel shall ?dhere to a site-specific health and safety plan (HASP). 

3.0 Terms and Definitions 

3.1 Utility 

For the proposes of this SOP, a utility is defined as a manmade underground line or conduit, cable, pipe, 
vault or tank that is, or was, used for the transmission of material or energy (e.g., gas, electrical, 
telephone, steam, water or sewage, product transfer lines, or underground storage tanks). 

3.2 As-Built Plans 

As-built plans are plans or blueprints depicting the locations of structures and associated utilities on a 
property. 

3.3 One-Call 

The Utility Notification Center is the oneccall agency for nationwide call before you dig. The Utility 
Notification Center is open 24 hours a day, and accepts calls from anyone planning to dig. The phone 
number 811 is the designated call before you dig phone number that directly connects you to your local 
one-call center. Additional information can be found at www.call811.com. 
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Calling before you dig ensures that any publicly owned underground lines will be marked so that you can 
dig around them safely. Having the utility lines marked not only prevents accidental damage to the lines, 
but prevents property damage and personal injuries that could result in breaking a line. 

The following information will need to be provided when a call is placed to One-Call: 

• Your name, phone number, company name (if applicable), and mailing address. 

• What type or work is being done. 

• Who the work is being done for. 

• The county and city the work is taking place in. 

• The address or the street where the work is taking place. 

• Marking instructions, (specific instructions as to where the work is taking place). 

Under normal circumstances it takes between 2 to 5 days from the time you call (not counting weekends 
or holidays) to have the underground lines marked. Because these laws vary from state to state, exactly 
how long it will take depends on where your worksite is located. You will be given an exact start time and 
date when your locate request is completed, which will comply with the laws in your area. 

In the event of an emergency (any situation causing damage to life or property, or a service outage), 
lines can be marked sooner than the original given time if requested. 

3.4 Toning 

Toning is the process of surveying an area utilizing one or more surface geophysical methods to 
determine the presence or absence of underground utilities. Typically, toning is conducted after 
identifying the general location of utilities and carefully examining all available site utility plans. Each 
location is marked according to the type of utility being identified. In addition, areas cleared by toning are 
flagged or staked to indicate that all identified utilities in a given area have been toned. 

4.0 Training and Qualifications 

4.1 The Contract Task Order (CTO) Manager is responsible for verifying that these utility locating 
procedures are performed prior to the initiation of active subsurface exploration. 

4.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

4.3 The Field Manager is responsible for ensuring that all utility locating activities are performed in 
accordance with this procedure. 

4.4 All Field Personnel are resp6nsible for the implementation of this procedure. 

5.0 Equipment and Supplies 

5.1 Equipment and supplies necessary for locating subsurface utilities will be provided by the subcontractor; 
however, the project Field Manager/Field Personnel will provide any additional equipment and supplies 
as needed as well as maintain information regarding the utility clearance activities in the field logbook. 

6.0 Procedure 

Proceed wtih the following steps where subsurface exploration will include excavations, drilling, or any 
other subsurface investigative method that could damage utilities at a site. In addition to the steps 
outlined below, always exercise caution while conducting subsurface exploratory work. 
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6.1 Prepare Preliminary Site Plan 

RESOLUTION 
CONSVLTANTS 

• Prepare a preliminary, scaled site plan depicting the proposed exploratory locations as part of the 
project specific Sampling and Analysis Plan (SAP) or Work Plan. Include as many of the .cultural and 
natural features as practical in this plan. 

6.2 Review Background Information 

• Search existing plan files to review the as-built plans to identify the known location of utilities at the 
site. Plot the locations of utilities identified onto a preliminary, scaled site plan. Inform the CTO 
Manager if utilities lie within close proximity to a proposed exploration or excavation location. The 
CTO Manager will determine if it is necessary to relocate proposed sampling or excavation 
locations. 

• Include the utility location information gathered during previous investigations (e.g., remedial 
investigation or remedial site evaluation) in the project design documents for removal or remedial 
actions. In this manner, information regarding utility locations collected during implementation of a 
CTO can be shared with the subcontractor during implementation of a particular task order. In many 
instances, this will help to reduce the amount of additional geophysical surveying work the 
subcontractor may have to perform. 

J 

• Conduct interviews with onsite and facility personnel familiar with the site to obtain additional 
information regarding the known and suspected locations of underground utilities. In addition, if 
appropriate, contact shall be made with local utility companies to request their help in locating 
underground lines. Pencil in the dimensions, orientation, and depth of utilities, other than those 
identified on the as-built plans, at their approximate locations on the preliminary plans. Enter the 
type of utility, the personnel who provided the information, and the date the information was provided 
into the field log. 

• During the pre-field work interviewing process. the interviewer will determine which site personnel 
should be notified in the event of an incident involving damage to existing utilities. Record this 
information in the field logbook with the corresponding telephone numbers and addresses. 

6.3 Site Visit/Locate UtilitiesfToning 

• Prior to the initiation of field activities, the Field Task Manager or similarly qualified field personnel 
shall visit the site and note existing structures and evidence of associated utilities, such as fire 
hydrants, irrigation systems, manhole and vault box covers, standpipes, telephone switch boxes, 
free-standing light poles, gas or electric meters, pavement cuts, and linear depression. Compare 
notes of the actual site configuration to the preliminary site plan. Note deviations in the field logbook 
and on the preliminary site plan. Accurately locate or survey and clearly mark with stakes, pins, 
flags, paint, or other suitable devices all areas where subsurface exploration is proposed. These 
areas shall correspond with the locations drawn on the preliminary site plan. 

• Following the initial site visit by the Field Task Manager, a trained utility locating subcontractor will 
locate, identify, and tone all utilities depicted on the preliminary site plan. The Field Task Manager or 
similarly qualified field personnel shall visit the site and identify the areas of subsurface disturbance 
with white spray paint, chalk, white pin flags or some other easily identifiable marking. The utility 
locator should utilize appropriate sensing equipment to attempt to locate utilities that might not have 
appeared on the as-built plans. At a minimum, the utility subcontractor should utilize a metal 
detector and/or magnetometer; however, it is important to consider the possibility that non-metallic 
utilities or tanks might be present at the site. Use other appropriate surface geophysical methods 
such as Ground Penetrating Radar, Radiodetection, etc. as appropriate. Clear proposed exploration 
areas of all utilities in the immediate area where subsurface exploration is proposed. Clearly tone all 
anomalous areas. Clearly identify all toned areas on the preliminary site plan. All utilities near the 
area of subsurface disturbance should also be marked out by the utility subcontractor using the 
universal colors for subsurface utilities (i.e., red - electric; blue - water; green - sewer; yellow - gas; 
etc.). After toning the site and plotting all known or suspected buried utilities on the preliminary site 
plan, the utility locator shall provide the Field Task Manager with a copy of the completed preliminary 
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site plan. Alternatively, the Field Task Manager or designee shall document the results of the survey 
on the preliminary site plan. 

• Report to the Field Task Manager anomalous areas detected and toned that are in close proximity to 
the exploration or excavation areas. The Field Task Manager shall determine the safe distance to 
maintain from the known or suspected utility. It may be necessary to relocate the proposed 
exploration or excavation areas. If this is required, .the Field Task Manager or designee shall 
relocate them and clearly mark them using the methods described above. Completely remove the 
markings at the prior location. Plot the new locations on the site plan and delete the prior locations 
from the plan. In. some instances, such as in areas extremely congested with subsurface utilities, it 
may be necessary to dig by hand or use techniques such as air knife to determine the location of the 
utilities. 

6.4 Prepare Site Plan 

• Prior to the initiation of field activities, draft a final site plan that indicates the location of subsurface 
exploration areas and all known or suspected utilities present at the site. Provide copies of this site 
plan to the Navy Technical Representative (NTR), the CTO Manager, and the subcontractor who is 
to conduct the subsurface exploration/excavation work. Review the site plan with the NTR to verify 
its accuracy prior to initiating subsurface sampling activities. 

7.0 Quality Control and Assurance 

7.1 Utility locating must incorporate quality control measures to ensure conformance to these and the project 
requirements. 

8.0 Records, Data Analysis, Calculations 

8.1 A bound field logbook will be kept detailing all activities conducted during the utility locating procedure. 

8.2 The logbook will describe any changes and modifications made to the original exploration plan. The 
trained utility locator shall prepare a report and keep it in the project file. Also, a copy of the final site plan 
will be kept in the project file. 

9.0 Attachments or References 

Department of Defense, United States (DoD). 2005. Unii_orm Federal Policvjgr Quality Assurance 
Project Plans, Part 1: UFP-QAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-
900A. In conjunction with the U.S. Environmental Protection Agency and the Department of Energy. 
Washington: Intergovernmental Data Quality Task Force. March. On-line updates available at: 
http://www.eoa.gov/fedfac/pdf/ufp qapp v1 0305.pdf. 
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Logbooks 

Procedure 3-02 

1.0 Purpose and Scope 
1.1 This standard operating procedure (SOP) describes the activities and responsibilities pertaining to.the 

identification, use, and control of logbooks and associated field data records. 

1.2 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 
2.1 In order to keep the logbook clean, store it in a clean location and use it only when outer gloves used for 

PPE have been removed. 

3.0 Terms and Definitions 
3.1 Logbook 

A logbook is a bound field notebook with consecutively numbered, water-repellent pages that is clearly 
identified with the name of the relevant activity, the person assigned responsibility for maintenance of 
the logbook, and. the beginning and ending dates of the entries. 

3.2 Data Form 

A data form is a predetermined format utilized for recording field data that may become, by reference, a 
part of the logbook (e.g., soil boring logs, trenching logs, surface soil sampling logs, groundwater sample 
logs, and well construction logs are data forms). 

4.0 Training and Qualifications 
4.1 The Contract Task Order (CTO) Manager or designee is responsible for determining which team 

members shall record information in field logbooks and for obtaining and maintaining control of the 
required logbooks. The CTO Manager shall review the field logbook on at least a monthly basis. The 
CTO Manager or designee is responsible for reviewing logbook entries to determine compliance with 
this procedure and to ensure that the entries meet the project requirements. 

4.2 A knowledgeable individual such as the Field Manager, CTO Manager, or Program Quality 
Manager shall perform a technical review of each logbook at a frequency commensurate with the level 
of activity (weekly is suggested, or, at a minimum, monthly). Document these reviews by the dated 
signature of the reviewer on the last page or page immediately following the material reviewed. 

4.3 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

4.4 The Field Manager is responsible for ensuring that all field personnel follow these procedures and 
that the logbook is completed properly and daily. The Field Manager is also responsible for submitting 
copies to the CTO Manager, who is responsible for filing them and submitting a copy (if required by the 
CTO Statement of Work). 

4.5 The logbook user is responsible for recording pertinent data into the logbook to satisfy project 
requirements and for attesting to the accuracy of the entries by dated signature. The logbook user is 
also responsible for safeguarding the logbook while having custody of it. 
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4.6 All field personnel are responsible for the implementation of this procedure. 

s.o Equipment and Supplies 

5.1 Field logbooks shall be bound field notebooks with water-repellent pages. 

5.2 Pens shall have indelible black ink. 

6.0 Procedure 
6.1 The field logbook serves as the primary record of field activities. Make entries chronologically and in 

sufficient detail to allow the writer or a knowledgeable reviewer to reconstruct the applicable events. 
Store the logbook in a clean location and use it only when outer gloves used for personal protective 
equipment (PPE) have been removed. 

6.2 Individual data forms may be generated to provide systematic data collection documentation. Entries on 
these forms shall meet:the same requirements as entries in the logbook and shall be referenced in the 
applicable logbook entry. Individual data forms shall reference the applicable logbook and page number. 
At a minimum, include names of all samples collected in the logbook even if they are recorded 
elsewhere. 

6.3 Enter field descriptions and observations into the logbook, as described in Attachment 1, using indelible 
black ink. 

6.4 Typical information to be entered includes the following: 

• 

• 
• 
• 

• 
• 

• 
• 
• 
• 

• 
• 

• 
• 
• 

Dates (month/day/year) and times (military) of all on-site activities and entries made in 
logbooks/forms; 

Site name and description; 

Site location by longitude and latitude, if known; 

Weather conditions, including temperature and relative humidity; 

Fieldwork documentation, including site entry and exit times; 

Descriptions of, and rationale for, approved deviations from the work plan (WP) or field sampling 
plan; 

I 
Field instrumentation readings; 

Names, job functions, and organizational affiliations of on-site personnel; 
I 

Photograph references; 
I 

Site sketches and ~iagrams made on site; 
. I 

Identification and description of sample morphology, collection locations, and sample numbers; 

Sample collection irformation, including dates (month/day/year) and times (military) of sample 
collections, sample, collection methods and devices, station location numbers, sample collection 
depths/heights, sample preservation information, sample pH (if applicable), analysis requested 
(analytical groups); etc., as well as chain-of-custody (COC) information such as sample identification 
numbers cross-referenced to COC sample numbers; 

I 

Sample naming convention; 

Field quality contro_I (QC) sample information; 

Site observations, ~ield descriptions, equipment used, and field activities accomplished to reconstruct 
field operations; 
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6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

7.1 

8.0 

8.1 

. 8.2 

9.0 
9.1 

9.2 
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• Meeting information; 

• Important times and dates of telephone conversations, correspondence, or deliverables; 

• Field calculations; 

• PPE level; 

• Calibration records; 

• Contractor and subcontractor information (address, names of personnel, job functions, 
organizational affiliations, contract number, contract name, and work assignment number); 

• Equipment decontamination procedures and effectiveness; 

• Laboratories receiving samples and shipping information, such as carrier, shipment time, number of 
sample containers shipped, and analyses requested; and 

• User signatures. 

The logbook shall reference data maintained in other logs, forms, etc. Correct entry errors by drawing a 
single line through the incorrect entry, then initialing and dating this change. Enter an explanation for 
the correction if the correction is more than for a mistake. 

At least at the end of each day, the person making the entry shall sign or initial each entry or group of 
entries. 

Enter logbook page numbers on each page to facilitate identification of photocopies. 

If a person's initials are used for identification, or if uncommon acronyms are used, identify these on a 
page at the beginning of the logbook. 

At least weekly and preferably daily, the preparer shall photocopy and retain the pages completed 
during that session for backup. This will prevent loss of a large amount of information if the logbook is 
lost. 

Quality Control and Assurance 

Review per Section 4.2 shall be recorded. 

Records, Data Analysis, Calculations 

Retain the field logbook as a permanent project record. If a particular CTO requires submittal of 
photocopies of logbooks, perform this as required. 

Deviations from this procedure shall be documented in field records. Significant changes shall be 
approved by the Program Quality Manager. 

Attachments or References 

Attachment 1 - Description of Logbook Entries 

Department of Defense, United States (DoD). 2005. Uniform Federal Policy for Quality Assurance Project 
Plans, Part 1: UFP-QAPP Manual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-900A. In 
conjunction with the U.S. Environmental Protection Agency and the Department of Energy. Washington: 
Intergovernmental Data Quality Task Force. March. On-line updates available at: 
http://www.epa.gov/fedfac/pdf/ufp gapp vl 0305.pdf. 
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Attachment 1 

RESOLUTION 
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Description of Logbook Entries 

Logbook entries shall be consistent with Section A.1.4 Field Documentation SOPsof the UFP-QAPP Manual (DoD 
2005) and contain the following information, as applicable, for each activity recorded. Some of these details may be· 
entered on data forms, as described previously. 

Name of Activity 

Task Team Members and 
Equipment 

Activity Location 

Weather 

Level of PPE 

Methods 

Sample Numbers 

Sample Type 
and Volume 

Time and Date 

Analyses 

Field Measurements 

Chain of Custody 
and Distribution 

References· 

Narrative (including time and 
location). 

Recorded by 

Checked by 

Procedure (Name) 
Revision A May 2012 

For example, Asbestos Bulk Sampling, Charcoal Canister Sampling, 
Aquifer Testing. 

Name all members on the field team involved in the specified activity. List 
equipment used by serial number or other unique identification, including 
calibration information. 

Indicate location of sampling area as indicated in the field sampling plan. 

Indicate general weather and precipitation conditions. 

Record the level of PPE (e.g., Level D). 

Indicate method or procedure number employed for the activity. 

Indicate the unique numbers associated with the physical samples. Identify QC 
samples. 

Indicate the medium, container type, preservative, and the volume for each 
sample. 

Record the time and date when the activity was performed 
(e.g., 0830/08/0CT/89). Use the 24-hour clock for recording the time and two 
digits for recording the day of the month and the year. 

Indicate the appropriate code for analyses to be performed on each sample, as 
specified in the WP. 

Indicate measurements and field instrument readings taken during the activity. 

Indicate chain-of-custody for each sample collected and indicate to whom the 
samples are transferred and the destination. 

If appropriate, indicate references to other logs or forms, drawings, or photographs 
employed in the activity. 

Create a factual, chronological record of the team's activities throughout the day 
including the time and location of each activity. Include descriptions of general 
problems encountered and their resolution. Provide the names and affiliations of 
non-field team personnel who visit the site, request changes in activity, impact the 
work schedule, request information, or observe team activities. Record any visual 
or other observations relevant to the activity, the contamination source, or the 
sample itself. 
It should be emphasized that logbook entries are for recording data and 
chronologies of events. The logbook author must include observations and 
descriptive notations, taking care to be objective and recording no opinions or 
subjective comments unless appropriate. 

Include the signature of the individual responsible for the entries contained in the 
logbook and referenced forms. 

Include the signature of the individual who performs the review of the completed 
entries. 
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Recordkeeping, Sample Labeling, and Chain-of-Custody 

Procedure 3-03 

1.0 Purpose and Scope 
1.1 The purpose of this standard operating procedure is to establish standard protocols for all field personnel 

for use in maintaining field and sampling activity records, writing sample logs, labeling samples, ensuring 
that proper sample custody procedures are utilized, and completing chain-of-custody/analytical request 
forms. 

1.2 As guidance for specific; activities, this procedure does not obviate the need for professional judgment. 
Deviations from this pr9cedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 

Not applicable. 

3.0 Terms and Definitions 

3.1 Logbook 

A logbook is a bound field notebook with consecutively numbered, water-repellent pages that is clearly 
identified with the name of the relevant activity, the person responsible for maintenance of the logbook, 
and the beginning and ~nding dates of the entries. . . 

I 
3.2 Chain-of-Custody ' 

I 
Chain-of-custody (COC)' is documentation of the process of custody control. Custody control includes 

I 

possession of a sample 
1
from the time of its collection in the field to its receipt by the analytical 

laboratory, and throug~ analysis and storage prior to disposal. 

i 
4.0 Training and Qualifications 
4.1 The CTO Manager is r~sponsible for determining which team members shall record information in the 

field logbook and for chbcking sample logbooks and COC forms to ensure compliance with these 
I 

procedures. The CTO Manager shall review COC forms on a monthly basis at a minimum. 
i 

4.2 The CTO Manager and Program Quality Manager are responsible for evaluating project compliance 
with the Project Procedures Manual. 

4.3 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

4.4 The Laboratory Project Manager or Sample Control Department Manager is responsible for 
reporting any sample documentation or COC problems to the CTO Manager or CTO Laboratory 
Coordinator within 24 hours of sample receipt. 

4.5 The Field Manager is responsible for ensuring that all field personnel follow these procedures. The 
CTO Laboratory Coordinator is responsible for verifying that the CDC/analytical request forms have 
been completed properly and match the sampling and analysis plan. The CTO Manager or CTO 
Laboratory Coordinator is responsible for notifying the laboratory, data managers, and data 
validators in writing if analytical request changes are required as a corrective action. These small 
changes are different from change orders, which involve changes to the scope of the subcontract with 

3-03 Recordkeeping, Sample Labeling, and Chain-of-Custody 
Revision O May 2012 1 of 11 

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET. 



~ 
RESOLUTION 
CONSULTANTS 

the laboratory and must be made in accordance with a respective contract (e.g., CLEAN remedial action 
contract). 

4.6 All field personnel are responsible for following these procedures while conducting sampling activities. 
Field personnel are responsible for recording pertinent data into the logbook to satisfy project 
requirements and for attesting to the accuracy of the entries by dated signature. 

5.0 Procedure 
This procedure provides standards. for documenting field activities, labeling the samples, documenting 
sample custody, and completing COC/analytical request forms. The standards presented in this section 
shall be followed to ensure that samples collected are maintained for their intended purpose and that the 
conditions encountered during field activities are documented. 

5.1 Recordkeeping 

The field logbook serves as the primary record of field activities. Make entries chronologically and in 
sufficient detail to allow the writer or a knowledgeable reviewer to reconstruct each day's events. Field 
logs such as soil boring logs and ground-water sampling logs will also be used. These procedures are 
described in Procedure 3-02, Logbooks. 

5.2 Sample Labeling 

Affix a sample label with adhesive backing to each individual sample container. Place clear tape over 
each label (preferably prior to sampling) to prevent the labels from tearing off, falling off, being 
smeared, and to prevent loss of information on the label. Record the following information with a 
waterproof marker on each label: 

• Project name or number (optional); 

• COC sample number; 

• Date andtime of collection; 

• Sampler's initials; 

• Matrix (optional); 

• Sample preservatives (if applicable); and 

• Analysis to be performed on sample (this shall be identified by the method number or name 
identified in the subcontract with the laboratory). 

These labels may be obtained from the analytical laboratory or printed from a computer file onto 
adhesive labels. 

5.3 Custody Procedures 

For samples intended for chemical analysis, sample custody procedures shall be followed through 
collection, transfer, analysis, and disposal to ensure that the integrity of the samples is maintained. 
Maintain custody of samples in accordance with the U.S. Environmental Protection Agency (EPA) COC 
guidelines prescribed in .EPA NEIC Policies and Procedures, National Enforcement Investigations Center, 
Denver, Colorado, revised May 1986; EPA RCRA Ground Water Monitoring Technical Enforcement 
Guidance Document(TEGD); Guidance for Conducting Remedial Investigations and Feasibility Studies 

·Under CERCLA (EPA OSWER Directive 9355 3-01); Appendix 2 of the Technical Guidance Manual for 
Solid Waste Water Quality Assessment Test (SWAT} Proposals and Reports, and Test Methods for 
Evaluating Solid Waste (EPA SW-846) 

A description of sample custody procedures is provided below. 
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5.3.1 Sample Collection Custody Procedures 

RESOLUTION 
CONSULTANTS 

According to the U.S. EPA guidelines, a sample is considered to be in custody if one of the following 
conditions is met: 

• 

• 

It is in one's actu~I physical possession or view; 

It is in one's physical possession and has not been tampered with (i.e., it is under lock or official 
seal); 

It is retained in a secured area with restricted access; and 

• It is placed in a container and secured with an official seal such that the sample cannot be reached 
without breaking the seal. 

Place custody seals on sample containers immediately after sample collection and on shipping coolers if 
the cooler is to be removed from the sampler's custody. Place custody seals in such a manner that they 
must be broken to open the containers or coolers. Label the custody seals with the following 
information: 

• Sampler's name or initials; and 

• Date and time tha~ the sample/cooler was sealed. 

These seals are designed to enable detection of sample tampering. An example of a custody seal is 
shown in Attachment 1. 

Field personnel shall also log individual samples onto cbc forms (carbon copy or computer generated) 
when a sample is collected. These forms may also serve as the request for analyses. Procedures for 
completing these forms1are discussed in Section 7.4, indicating sample identification number, matrix, 
date and time of collection, number of containers, analytical methods to be performed on the sample, 
and preservatives added (if any). The samplers will also sign the COC form signifying that they were 
the personnel who collected the samples. The COC form shall accompany the samples from the field to 
the laboratory. When a ~ooler is ready for shipment to the analytical laboratory, the person delivering 
the samples for transport will sign and indicate the date and time on the accompanying COC form. 
One copy of the COC form will be retainea by the sampler and the remaining copies of the COC form 
shall be placed inside a ~If-sealing bag and taped to the inside of the cooler. Each cooler must be 
associated with a unique COC form. Whenever a transfer of custody takes place, both parties shall sign 
and date the accompanying carbon copy COC forms, and the individual relinquishing the samples 
shall retain a copy of e<lch form. One exception is when the samples are shipped; the delivery service 
personnel will not sign, or receive a copy because they do not open the coolers. The laboratory shall 
attach copies of the completed COC forms to the reports containing the results of the analytical tests. An 
example COC form is p~ovided in Attachment 2. · 

5.3.2 Laboratory Custody Procedures 

The following custody procedures are to be followed by an independent laboratory receiving samples 
for chemical analysis; the procedures in their Naval Facilities Engineering Service Center-evaluated 
Laboratory Quality Assurance Plan must follow these same procedures. A designated sample 
custodian shall take custody of all samples upon their arrival at the analytical laboratory. The 
custodian shall inspect all sample labels and COC forms to ensure that the information is consistent, 
and that each is properly completed. The custodian will also measure the temperature of the 
temperature blank in the coolers upon arrival using either a National Institute for Standards and 
Technology calibrated thermometer or an infra-red temperature gun. The custodian shall note the 
condition of the samples including: 
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• If the samples show signs of damage or tampering; 

• If the containers are broken or leaking; 

• If headspace is present in sample vials; 

(@} 
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• If proper preservation of samples has occurred (made by pH measurement, except volatile organic 
compounds [VOCs] and purgeable total petroleum hydrocarbons [TPH] and temperature). The pH 
of voe and purgeable TPH samples will be checked by the laboratory analyst after the sample 
aliquot has been removed from the vial for analysis; and 

• If any sample holding times have been exceeded. 

All of the above information shall be documented on a sample receipt sheet by the custodian. 

Discrepancies or improper preservation shall be noted by the laboratory as an out-of-control event and 
shall be documented on an out-of-control form with corrective action taken. The out-of-control form 
shall be signed and dated by the sample control custodian and any other persons responsible for 
corrective action. An example of an out-of-control form is included as Attachment 4. 

The custodian shall then assign a unique laboratory numb.er to each sample and distribute the samples 
to secured storage areas maintained at 4 degrees Celsius (soil samples forVOC analysis are to be stored 
in a frozen state until analysis). The unique laboratory number for each sample, COC sample number, 
client name, date and time received, analysis due date, and storage shall also be manually logged onto a 
sample receipt record and later entered into the laboratory's computerized data management system. 
The custodian shall sign the shipping bill and maintain a copy. 

Laboratory personnel shall be responsible for the care and custody of samples from the time of their 
receipt at the laboratory throughtheir exhaustion or disposal. Samples stiould be logged in and out on 
internal laboratory COC forms each time they are removed from storage for extraction or analysis. 

5.4 Completing COC/ Analytical Request Forms 

COC form/analytical request form completion procedures are crucial in properly transferring the custody 
and responsibility of samples from field personnel to the laboratory. This form is important for accurately 
and concisely requesting analyses for each sample; it is essentially a release order from the analysis 
subcontract. 

Attachment 2 is an example of a generic COC/analytical request form that may be used by field 
personnel. Multiple copies may be tailored to each project so that much of the information described 
below need not be handwritten each time. Attachment 3 is an example of a completed site~specific 
CCC/analytical request form, with box numbers identified and discussed in text below. 

COC forms tailored to each CTO can be drafted and printed onto multi-ply forms. This eliminates the 
need to rewrite the analytical methods column headers each time. It also eliminates the need to write 
the project manager, name, and number; QC Level; TAT; and the same general comments each time. 

Complete one COC form per cooler. Whenever possible, place all voe analyte vials into one cooler in 
order to reduce the number of trip blanks. Complete all sections and be sure to sign and date the COC 
form. One copy of the COC form must remain with the field personnel. 
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Box 2 Bill To: List the name and address of the person/company to bill only if it is not in the subcontract with 
the laboratory. 

Box 3 Sample Disposal Instructions: These instructions will be stated in the Master Service Agreement or 
each cm statement of work with each laboratory. 

Shipment Method: State the method of shipment (e.g., hand carry or air courier via FedEx or DHL). 

Comments: This area shall be used by the field team to communicate observations, potential hazards, 
or limitations that may have occurred in the field or additional information regarding analysis (e.g., a 
specific metals list, samples expected to contain high analyte concentrations). 

Box 4 Cooler No.: This will be written on the inside or outside of the cooler and shall be included on the COC. 
Some laboratories attach this number to the trip blank identification, which helps track samples for VOC 
analysis. If a number is not on the cooler, field personnel shall assign a number, write it on the cooler, 
and write it on the COC. 

QC Level: Enter the reporting quality control (QC) requirements (e.g., Full Data Package, Summary 
Data Package). 

Turnaround time (TAT}: TAT will be determined by a sample delivery group (SDG), which may be 
formed over a 14-day period, not to exceed 20 samples. Once the SDG has been completed, standard 
TAT is 21 calendar days from receipt of the last sample in the SDG. Entering NORMAL or STANDARD in 
this field will be acceptable. If quicker TAT is required, it shall be in the subcontract with the laboratory 
and reiterated on each COC to remind the laboratory. 

Box 5 Type of Containers: Write the type of container used (e.g., 1-liter glass amber, for a given parameter 
in that column). 

Preservatives: Field personnel must indicate on the COC the correct preservative used for the analysis 
requested. Indicate the pH of the sample (if tested) in case there are buffering conditions found in the 
sample matrix. 

Box 6 Sample Identification (ID} Number: This is typically a five-character alphanumeric identifier used by 
the contractor to identify samples. The use of this identifier is important since the laboratories are 
restricted to the number of characters they are able to use. Sample numbering shall be in accordance 
with the project-specific sampling and analysis plan. 

Description (Sample ID}: This name will be determined by the location and description of the sample, 
as described in the project-specific sampling and analysis plan. This sample identification should not be 
submitted to the laboratory, but should be left blank. If a computer COC version is used, the sample 
identification can be input, but printed with this block black. A cross-referenced list of the COC Sample 
Number and sample identification must be maintained separately. 

Date Collected: Record the collection date in order to track the holding time of the sample. Note: For 
trip blanks, record the date it was placed in company with samples. 

Time Collected: When collecting samples, record the time the sample is first collected. Use of the 24-
hour military clock will avoid a.m. or p.m. designations (e.g., 1815 instead of 6: 15 p.m.). Record local 
time; the laboratory is responsible for calculating holding times to local time. 

Lab ID: This is for laboratory use only. 
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Box 7 Matrix/QC: Identify the matrix (e.g., water, soil, air, tissue, fresh water sediment, marine sediment, or 
product). If a sample is expected to contain high analyte concentrations (e.g., a tank bottom sludge or 
distinct product layer), notify the laboratory in the comment section. Mark an "X" for the sample(s) that 
have extra volume for laboratory QC matrix spike/matrix spike duplicate (MS/MSD) purposes. The 
sample provided for MS/MSD purposes is usually a field duplicate. 

Box 8 Analytical Parameters: Enter the parameter by descriptor and the method number desired (e.g., 
BTEX 8260B, PAHs 8270C, etc.). Whenever practicable, list the parameters as they appear in the 
laboratory subcontract to maintain consistency and avoid confusion. 

If the COC does not have a specific box for number of sample containers, use the boxes below the 
analytical parameter, to indicate the number of containers collected for each parameter. 

Box 9 Sampler's Signature: The person who collected samples must sign here. 

Relinquished By: The person who turned over the custody of the sampies to a second party other 
than an express mail carrier, such as FedEx or DHL, must sign and date here. 

Received By: Typically, a representative of the receiving laboratory signs and dates here. Or, a field 
crew member who delivered the samples in person from the field to the laboratory might sign here. A 
courier, such as FedEx or DHL, does not sign here because they do not open the coolers. It must also be 
used by the prime contracting laboratory when samples are to be sent to a subcontractor. 

Relinquished By: In the case of subcontracting, the primary laboratory will sign and date the 
Relinquished By space and fill out an additional COCto accompany the samples being subcontracted. 

Received By (Laboratory): This space is for the final destination (e.g., at a subcontracted laboratory). 
A representative of the final destination (e.g., subcontracted laboratory) must sign and date here. 

Box 10 Lab No. and Questions: This box is to be filled in by the laboratory only. 

Box 11 Control Number: This number is the "COC" followed by the first contractor identification number in 
that cooler, or contained on that COC. This control number must be unique (i.e., never used twice) .. 
Record the date the COC is completed. It should be the same date the samples are collected. 

Box 12 Total # of Containers: Sum the number of containers in that row. 

Box 13 Totals: Sum the number of containers in each column. Because COC forms contain different formats 
depending on who produced the form, not all of the information listed in items 1 to 13 may be recorded; 
however, as much of this information as possible shall be included. 

6.0 Quality Control. and Assurance 

6.1 Recordkeeping, sample labeling, and chain-of-custody activities must incorporate quality control 
measures to ensure accuracy and completeness. 

6.2 Deviations from this procedure or the project-specific CTO work plan shall be documented in field 
records. Significant changes shall be approved by the Program Quality Manager. 

7 .o Records, Data Analysis, Calculations 

7 .1 The CDC/analytical request form shall be faxed approximately daily to the CTO Laboratory 
Coordinator for verification of accuracy. Following the completion ofsampling activities, the sample 
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logbook and COC forms will be transmitted to the CTO Manager for storage in project files. The data 
validators shall receive a copy also. The original CDC/analytical request form shall be submitted by the 
laboratory along with the data delivered. Any changes to the analytical requests that are required shall 
be made in writing to the laboratory. A copy of this written change shall be sent to the data validators 
and placed in the project files. The reason for the change shall be included in the project files so that 
recurring problems can be easily identified. 

7.2 Deviations from this procedure or the project-specific sampling and analysis plan shall be documented in 
the records. Significant changes shall be approved by the Program Quality Manager. 

s.o Attachments or References 

8.1 Attachment 1 - Chain-of-Custody Seal 

8.2 Attachment 2 - Generic Chain-of-Custody/Analytical Request Form 

8.3 Attachment 3 - Sample Completed Chain-of-Custody 

8.4 Attachment 4 - Sample Out-of-Control Form 

8.5 Environmental Protection Agency, United States (EPA). 1988. Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA. Interim Final. EPA/540/G-89/004. Office of 
Emergency and Remedial Response. October. 

8.6 EPA. 1992. RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of Solid 
Waste. November. 

8.7 EPA. 1997. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 3rd ed., Final 
Update IIIA. Office of Solid Waste. 

8.8 Water Resources Control Board, State of California. 1988. Technical Guidance Manual for Solid Waste 
Water Quality Assessment Test (SWAT} Proposals and Reports. August. 

8.9 Procedure 3-02, Logbooks. 

Author 

Mark Kromis 
Program Chemist 

Reviewer Revisions (Technical or Editorial) 

Chris Barr Rev 0 - Initial Issue 
Program Quality Manager 
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Attachment 1 
Chain-of-Custody Seal 

CHAIN-OF-CUSTODY SEAL 
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SAMPLE NO. DATE SEAL BROKEN BY 

[LABORATORY] SIGNATURE DATE 

PRINT NAME AND illLE (Inspector, Analyst or Technician 
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Attachment 2 
Generic Chain-of-Custody/ Analytical Request Form 

CHAIN OF CUSTODY RECORD 

CllenVPro}&Ct Name: !='roje:t !.OCaUctl: 

!='rotec:t !111.i'r.Der: Fletl !..()QOOOl No.: 

Sarriuter:~'Pforit~~.>~"btD-: Chatfl Of C~) Taite No.: 

~dR.Ht.t~~to: 
S.lgnaTuri: 

.<'"-e--i.·~l:i.! :"- ·~ ""' ::.U"'ll 
?Arn:-Clr.tswt 3;_,..,.TJll!e -· 1Si.-.t.w"fl [LQJ>l~ .. E.I:LI 

RelVlqll&IW!d t>y: ~f'tW,._,._, Oate: RE<:~oi!O by: :Prnt!"I•,..· 

.3-lgna'l.n: i1rlte; S;,g!"'..awre 

~el'11q1Asfl.ea oy: rf"!'ftl ...,...1 Oate: Re-'Rloi!d by: iPr!l'i:"l.-.1 

&lgn<rur~: i11":1e: ~igr,arure: 

Re!VlqlS~MO Dt: ·~ ~' Date: Re(:e..o?d !)y; :1-r.,.1 M-· 

$-lgnain. Tlr."Je; Slgr.Jttira· 
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Attachment 3 
Sample Completed Chain-of-Custody 
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Attachment 4 
Sample Out-of-Control Form 

Status Date 
Noted OOC 
Submit for CA* 
Resubmit for CA* 
Com leted 

Date Recoanized: Bv: 
Dated Occurred: Matrix 
Parameter (Test Code): Method: 
Analyst: Suoervisor: 

1. Type of Event 2. Corrective Action (CA)* 
(Check all that aPolv) Check all that aoolv) 

Calibration Corr. Coefficient <0.995 Repeat calibration 
%RSD>20% Made new standards 
Blank >MDL Reran analvsis 
Does not meet criteria: Sample(s) rediqested and rerun 

Spike Samo le( s) reextracted and rerun 
Duolicate Recalculated 
LCS Cleaned svstem 
Calibration Verification Ran standard additions 
Standard Additions Notified 
MS/MSD Other (please explain) 
BS/BSD 
Surroaate Recoverv 

Calculations Error 
Holdina Times Missed 

~ 

Other (Please explain Comments: 

3. Results of Corrective Action 
__J Return to Control (indicated with) 

--i Corrective Actions Not Successful - DATA IS TO BE FLAGGED with 

Date: 
Date: 
Date: 
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Sample Handling, Storage, and Shipping 

Procedure 3-04 

1.0 Purpose and Scope 

RESOLUTION 
CONSULTANTS 

1.1 This standard operating procedure describes the actions to be used by personnel engaged in handling, 
storing, and transporting samples. The objective is to obtain samples of actual conditions with as little 
alteration as possible. 

1.2 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Devia~ions from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 
2.1 Avoid lifting heavy coolers with back muscles; instead, use leg muscles or dollies. 

2.2 Wear proper gloves, such as blue nitrile and latex, as defined in the projectcspecific health and safety 
plan, when handling sample containers to avoid contacting any materials that may have spilled out of 
the sample containers. 

3.0 Terms and Definitions 
None. 

4.0 Training and Qualifications 
4.1 The Contract Task Order (CTO) Manager and the Laboratory Project Manager are responsible 

for identifying instances of non-compliance with this procedure and ensuring that future sample 
transport activities comply with this procedure. 

4.2 The Field Manager is responsible for ensuring that all samples are shipped according to this procedure. 

4.3 Field personnel are responsible for the implementation of this procedure. 

4.4 The Program Quality Manager is responsible for ensuring that sample handling, storage, and 
transport activities conducted during all CTOs comply with this procedure. 

4.5 All field personnel are responsible for the implementation of this procedure. 

5.0 Procedure 
5.1 Handling and Storage 

Immediately following collection, label all samples according to Procedure 3-03, Recordkeeping, Sample 
Labeling, and Chain-of-Custody. The lids of the containers shall not be sealed with duct tape, but may be 
covered with custody seals or placed directly into self-sealing bags. Place the sample containers in an 
insulated cooler with frozen gel packs (e.g., "blue ice") or ice in double, sealed self-sealing bags. 
Samples should occupy the lower portion of the cooler, while the ice should occupy the upper. portion. 
Place an absorbent. material (e.g., proper absorbent cloth material) on the bottom of the cooler to 
contain liquids in case of spillage. Fill all empty space between sample containers with Styrofoam® 
"peanuts" or other appropriate material. Prior to shipping, wrap glass sample containers on the sides, 
tops, and bottoms with bubble wrap or other appropriate padding and/or surround them in Styrofoam to 
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prevent breakage during transport. Pack all glass containers for water samples in an upright position, 
never stacked or on their sides. Priorto shipment, replace the ice or cold packs in the coolers so that 
samples will be maintained as close to 4 degrees Celsius ( 0 C) as possible from the time of collection 
through transport to the analytical laboratory. Ship samples within 24 hours or on a schedule allowing 
the laboratory to meet holding times for analyses. The procedures for maintaining sample temperatures 
at 4°C pertain to all field samples. 

5.2 Shipping 

Follow all appropriate U.S. Department of Transportation regulations (e.g., 49 Code of Federal 
Regulations [CFR], Parts 171-179) for shipment of air, soil, water, and other samples. Elements of these 
procedures are summarized below. 

5.2.1 Hazardous Materials Shipment 

Field personnel must state whether any sample is suspected to be a hazardous material. A sample 
should be assumed hazardous unless enough evidence exists to indicate it is non-hazardous. If not 
suspected to be hazardous, shipments may be made as described in the Section 7.2.2 for non-hazardous 
materials. If hazardous, follow the procedures summarized below. 

Any substance or material that is capable of posing an unreasonable risk to life, health, or property when 
transported is classified as hazardous. Perform hazardous materials identification by checking the list of 
dangerous goods for that particular mode of transportation. If not on that list, materials can be classified 
by checking the Hazardous Materials Table (49 CFR 172.102 including Appendix A) or by determining if 
the material meets the definition of any hazard class or division (49 CFR Part 173), as listed in 
Attachment 2. 

All persons shipping hazardous materials must be properly trained in the appropriate regulations, 
as required by HM-126F, Training for Safe Transportation of Hazardous Materials (49 CFR HM-126F 
Subpart H). The training covers loading, unloading, handling, storing, and transporting of hazardous 
materials, as well as emergency preparedness in the case of accidents. Carriers, such as commercial 
couriers, must also be trained. Modes of shipment include air, highway, rail, and water. 

When shipping hazardous materials, including bulk chemicals or samples suspected of being hazardous, 
the proper shipping papers (49 CFR 172 Subpart C), package marking (49 CFR 172 Subpart D), labeling 
(49 CFR 172 Subpart E), placarding (49 CFR 172 Subpart F, generally for carriers), and packaging must 
be used. Attachment 1 shows an example of proper package markings. Refer t6 a copy of 49 CFR each 
time hazardous materials/potentially hazardous samples are shipped. 

According to Section 2.7 of the International Air Transport Association Dangerous Goods Regulations 
publication, very small quantities of certain dangerous goods may be transported without certain 
marking and documentation requirements as described in 49 CFR Part 172; however, other labeling and 
packing requirements must still be followed. Attachment 2 shows the volume or weight for different 
classes of substances. A "Dangerous Goods in Excepted Quantities" label must be completed and 
attached to the associated shipping cooler (Attachment 3). Certain dangerous goods are not allowed on 
certain airlines in any quantity. 

As stated in item 4 of Attachment 4, the Hazardous Materials Regulations do not apply to hydrochloric 
acid (HCI), nitric acid (HNO), sulfuric acid (H

2
S04), and sodium hydroxide (NaOH) added to water 

samples if their pH or percentage by weight criteria is met. These samples may be shipped as non
hazardous materials as discussed below. 

5.2.2 Non-Hazardous Materials Shipment 

If the samples are suspected to be non-hazardous based on previous site sample results, field screening 
results, or visual observations, if applicable, then samples may be shipped as non-hazardous. 
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When a cooler is ready for shipment to the laboratory, place two copies of the chain-of-custody form 
inside a self-sealing bag and tape it to the inside of the insulated cooler. Then, seal the cooler with 
waterproof tape and label it with "Fragile," "This-End-Up" (or directional arrows pointing up), or other 
appropriate notices. Place chain-of-custody seals on the coolers as discussed in Procedure 3-03, 
Recordkeeping, Sample Labeling, and Chain-of-Custody. 
•. 

5.2.3 Shipments from Outside the Continental United States 

Shipment of sample coolers to the United States from locations outside the continental United States is 
controlled by the U.S. Department of Agriculture (USDA) and is subject to their inspection and 
regulation. A "USDA Soil Import Permit" is required to prove that the receiving analytical laboratory is 
certified by the USDA to receive and properly dispose of soil. In addition, all sample coolers must be 
inspected by a USDA representative, affixed with a label indicating that the coolers contain 
environmental samples, and accompanied by shipping forms stamped by the USDA inspector prior to 
shipment. 

In addition, the U.S. Customs Service must clear samples shipped from U.S. territorial possessions or 
foreign countries upon entry into the United States. As long as the commercial invoice is properly 
completed (see below), shipments typically pass through U.S. Customs Service without the need to open 
coolers for inspection. 

Completion and use of proper paperwork will, in most cases, minimize or eliminate the need for the 
USDA and U.S. Customs Service to inspect the contents. Attachment 5 shows an example of how 
paperwork may be placed on the outside of coolers for non-hazardous materials. For hazardous 
materials, refer to Section 7.2.1. 

In summary, tape the paperwork listed below to the outside of the coolers to accompany sample 
shipments. If a shipment is made up of multiple pieces (e.g., more than one cooler), the paperwork 
need only be attached to one cooler! provided that the courier agrees. All other coolers in the shipment 
need only to be taped and have the address and chain-of-custody seals affixed. 

1. Courier Shipping Form & Commercial Invoice: See Attachment 6 and Attachment 7.for 
examples of the information to be included on the commercial invoices for soil and water, 
respectively. Place the courier shipping form and commercial invoice inside a clear, plastic, 
adhesive-backed pouch that adheres to the package (typically supplied by the courier) and place it 
on the cooler lid as shown in Attachment 5. 

2. Soil Import Permit (soil only): See Attachment 8 and Attachment 9 for examples of the soil 
import permit and.soil samples restricted entry labels, respectively. The laboratory shall supply 
these documents prior to mobilization. The USDA often stops shipments of soil without these 
documents. Staple together the 2-inch x 2-inch USDA label (described below) and soil import 
permit, and place them inside a clear plastic pouch. The courier typically supplies the clear, plastic, 
adhesive-backed pouches that adhere to the package. 

Placing one restricted entry label as shown in Attachment 5 (covered with clear packing tape) and 
one stapled to the actual permit is suggested. 

The USDA does not control water samples, so the requirements for soil listed above do not apply. 

3. Chain-of-Custody Seals: The laboratory should supply the seals. CTO personnel must sign 
and date these. At least two seals should. be placed in such a manner that they stick to both the 
cooler lid and body. Placing the seals over the tape (as shown in Attachment 5), then covering it 
with clear packing tape is suggested. This prevents the seal from coming loose and enables 
detection of tampering. 

4. Address Label: Affix a label stating the destination (laboratory address) to each cooler. 

5. Special Requirements for Hazardous Materials: See Section 7.2.1. 
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Upon receipt of sample coolers at the laboratory, the sample custodian shall inspect the sample 
containers as discussed in Procedure 3-03, Recordkeeping, Sample Labeling, and Chain-of-Custody. The 
samples shall then be immediately extracted and/or analyzed, or stored in a refrigerated storage area 
until they are removed for extraction and/or analysis. Whenever the samples are not being extracted or 
analyzed, they shall be returned to refrigerated storage. 

6.0 Quality Control and Assurance 
6.1 Sample handling, storage, and shipping must incorporate quality control measures to ensure 

conformance to these and the project requirements. 

7 .o Records, Data Analysis, Calculations 
7.1 Maintain records as required by implementing these procedures. 

7.2 Deviations from this procedure or the project-specific sampling and analysis plan shall be documented in 
field records. Significant changes shall be approved by the Program Quality Manager. 

8.0 Attachments or Reference 
8.1 Attachment 1 - Example Hazardous Material Package Marking 

8.2 Attachment 2 - Packing Groups 

8.3 Attachment 3 - Label for Dangerous Goods in Excepted Quantities 

8.4 Attachment 4 - SW-846 Preservative Exception 

8.5 Attachment 5 - Non-Hazardous Material Cooler Marking Figure for Shipment from Outside the 
Continental United States 

8.6 Attachment 6 - Commercial Invoice - Soil 

8. 7 Attachment 7 - Commercial Invoice - Water 

8.8 Attachment 8 - Soil Import Permit 

8.9 Attachment9 - Soil Samples Restricted Entry Labels 

8.10 NAVSEA T0300-AZ-PR0-010. Navy Environmental Compliance Sampling and Field Testing Procedures 
Manual. August 2009. 

8.11 Procedure 3-03, Recordkeeping, Sample Labeling, and Chain-of-Custody. 
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Attachment 1 
Example Hazardous Material Package Marking 

PROPER SHIPPING NAME 
CLASS 
UN NUMBER 
PACKAGING INSTRUCTIONS, 

PACKING GROUP 
NET QUANTITY 

8 AIR BILUCOMMERCIAL INVOICE 0 DIRECTION ARROWS STICKER -

(:;'\ USDA PERMIT (Letter to TWO REQUIRED 
v Laboratory from USDA) 0 THIS SIDE UP STICKERS 

0 CUSTODY SEAL 0 HAZARD LABEL 

(@) 
RESOLUTION 
C:ONSVLTANTS 

8 USDA 2" X 2" SOIL IMPORT PERMIT© HAZARDOUS MATERIAL INFORMATION 

0 WATERPROOF STRAPPING TAPE G PACKAGE SPECIFICATIONS 
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RESOLUTION 
CONSULTANTS 

Attachment 2 
Packing Groups 

PACKING GROUP OF THE SUBSTANCE PACKING GROUP 1 PACKING GROUP II PACKING GROUP III 

CLASS or DIVISION of PRIMARY or Packagings Packagings Packagings 
SUBSIDIARY RISK 

Inner Outer Inner Outer Inner Outer 

1: Explosives ----------------------------- Forbidden (Note Al ----------------------------------

2.1: Flammable Gas ----------------------------- Forbidden (Note BJ ----------------------------------

2.2: Non-Flammable, non-toxic gas ----------------------------- See Notes A and B ----------------------------------

2.3: Toxic gas ----------------------------- Forbidden (Note Al ----------------------------------

3. Flammable liquid . 30 ml 300 ml 30 ml 500 ml 30 ml 1 l 

4.1 Self-reactive substances Forbidden Forbidden Forbidden 

4.1: Other flammable solids Forbidden 30g 500 g 30 g 1 kg 

4.2: Pyrophoric substances Forbidden Not Applicable Not Applicable 

4.2 Spontaneously combustible substances Not Applicable 30 g 500 g 30 g 1 kg 

4.3: Water reactive substances Forbidden 30 g or 500 g or 30 g or 1 kg or 
30 ml 500 ml 30 ml 1 l 

5.1: Oxidizers Forbidden 30 g or 500 g or 30 g or 1 kg or 
30 ml 500 ml 30 ml 1 l 

5.2: Organic peroxides (Note CJ See Note A 30 g or 500 g or Not Applicable 
30 ml 250 ml 

6.1: Poisons - Inhalation toxicity Forbidden lgorl 500 g or 30 g or 1 kg or 
ml 500 ml 30 ml 1 l 

6.1: Poisons - oral toxicity 1gor1 300 g or 1gor1 500 g or 30 g or 1 kg or 
ml 300 ml ml 500 ml 30 ml 1 l 

6.1: Poisons - dermal toxicity 1gor1 300 g or 1gor1 500 g or 30 g or 1 kg or 
ml 300 ml ml 500 ml 30 ml 1 l 

6.2: Infectious substances ----------------------------- Forbidden <Note AJ --------------------"-------------

7: Radioactive material (Nore DJ ----------------------------- Forbidden (Note AJ ----------------------------------

8: Corrosive materials Forbidden 30 g or 500 g or 30 g or 1 kg or 
30 ml 500 ml 30 ml 1 l 

9: Magnetized materials ----------------------------- Forbidden (Note AJ --~------------------~------------

9: Other miscellan~OUS materials (Note E) Forbidden 30 g or 500 g or 30 g or 1 kg or 
30 ml 500 ml 30 ml 1 l 

Note A: Packing groups are not used for this class or division. 
Note B: For inner packagings, the quantity contained in receptacle with a water capacity of 30 mL. For outer packagings, the sum of 

the water capacities of all the inner packagings contained must not exceed 1 L. 
Note C: Applies only to Organic Peroxides when contained in a chemical kit, first aid kit or polyester resin kit. 
Note D: See 6.1.4.1, 6.1.4.2, and 6.2.1.1 through 6.2.1. 7, radioactive material in excepted packages. 
Note E: For substances in Class 9 for which no packing group is indicated in the List of Dangerous Goods, Packing Group II 

quantities must be used. 
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(@) 
RESOLUTION 
CONSULTANTS 

Attachment 3 
Dangerous Goods in Excepted Quantities 

This package contains dangerous goods in excepted small quantities 

and is in all respects in compliance with the applicable international 

and national government regulations and the IATA Dangerous Goods 

Regulations. 

Signature of Shipper 

Title Date 

Name and address of Shipper 

This package contains substance(s) in Class( es) 

~ (oheck applloable bm<(e.)) ~ 

~ Cla"' 2 3 4 5 6 8 9 ~ 
' aod the applloable UN ~umbera a<eo •. c •c I 
........... w... ................ 
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Attachment 4 
SW-846 Preservative Exception 

Measurement 

MBAS 

NTA 

Vol. Req. 
(ml) 

250 

50 

Container2 

P,G 

P, G 

Preservative3•
4 

Cool, 4oc 

Cool, 4°C 

(Ci>) 
RESOLUTION 
CONSULTANTS 

Holding Time5 

48 Hours 

24 Hours 

1. More specific instructions for preservation and sampling are found with each procedure as detailed in 
this manual. A general discussion on sampling water and industrial wastewater may be found in 
ASTM, Part 31, p. 72-82 (1976) Method D-3370. 

2. Plastic (P) or Glass (G). For metals, polyethylene with a polypropylene cap (no liner) is preferred. 

3. Sample preservation should be performed immediately upon sample collection. For composite 
samples each aliquot should be preserved at the time of collection. When use of an automated 
sampler makes it impossible to preserve each aliquot, then samples may be preserved by maintaining 
at 4°C until compositing and sample splitting is completed. 

4. When any sample is to be shipped by common carrier or sent through the United States Mail, it 
must comply with the Department of Transportation Hazardous Materials Regulations (49 CFR Part 
172). The person offering such material for transportation is responsible for ensuring such 
compliance. for the preservation requirements of Table 1, the Office of Hazardous Materials, 
Materials Transportation Bureau, Department of Transportation has determined that the Hazardous 
Materials regulations do not apply to the following materials: Hydrochloric acid (HCI) in water 
solutions at concentration of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HN03) 

in water solutions.at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric 
acid (H2S04) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or 
greater); Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or 
less (pH about 12.30 or less). 

5. Samples should be analyzed as soon as possible after collection. The times listed are the maximum 
times that samples may be held before analysis and still considered valid. Samples may be held for 
longer periods only if the permittee, or monitoring laboratory, has data on file to show that the 
specific types of sample under study are stable for the longer time, and has received a variance from 
the Regional Administrator. Some samples may not be stable for the maximum time period given in 
the table. A permittee, or monitoring laboratory, is obligated to hold the sample for a shorter time if 
knowledge exists to show this is necessary to maintain sample stability. 

6. Should only be used in the presence of residual chlorine. 

3-04 Sample Handling, Storage, and Shipping 
Revision O May 2012 9 of 15 

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET. 



Attachment 5 

(@) 
RESOLUTION 
CONSULTANTS 

Non-Hazardous Material Cooler Marking Figure for Shipment 
from Outside the Continental United States 

CD AIR BILUCOMMERCIAL INVOICE 

0 USDA PERMIT (Letter to Laboratory from USDA) 

Q) CUSTODY SEAL 

CD USDA 2" x 2" SOIL IMPORT PERMIT 

(D WATERPROOF STRAPPING TAPE 

@DIRECTION ARROWS STICKER - TWO REQUIRED 
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Attachment 6 
Commercial Invoice - Soil 

DATE OF EXPORTATION EXPORT REFERENCES·(i.e., order no., invoice no., etc.) 

1 /1 /94 <CTO#> 
SHIPPER/EXPORTER (complete name and address) CONSIGNEE 
Joe Smith Sample Receipt 
Ogden <Lab.lame> 
c/o <hotel name> <Lab Address> 

<hotel address> 
COUNTRY OF EXPORT IMPORTER - IF OTHER THAN CONSIGNEE 
Guam, USA 

COUNTRY OF ORIGIN OF GOODS 
Guam, USA 

COUNTRY OF ULTIMATE DESTINATION 
USA 

I INTERNATIONAL I (NOTE: All shipments must be 
AIR WAYBILL NO. •=mp.o;oo by• Fodoral E'prn" 

International Air Waybill) 

MARKS/NOS NO.OF TYPE OF FULL DESCRIPTION OF GOODS QT 
PKGS PACKAGING y 

3 cooler Soil samples fo1 
laboratory anal~ 

TOTAL 
NO.OF 
PKGS. 

3 

THESE COMMODITIES ARE LICENSED FOR THE ULTIMATE DESTINATION SHOWN. 

DIVERSION CONTRARY TO UNITED STATES LAW IS PROHIBITED. 

UNIT OF WEIGHT 
MEASURE 

TOTAL 
WEIGHT 

I DECLARE ALL THE INFORMATION CONTAINED IN THIS INVOICE TO BE TRUE AND CORRECT 

SIGNATURE OF SHIPPER/EXPORTER (Type name and title.and sign) 

Joe Smith, Ogden Joe Smith 

NamefTitle Signature 

3-04 Sample Handling, Storage, and Shipping 
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Date 
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Attachment 7 
Commercial Invoice - Water 

(@) 
RESOLUTION . 
CONSULTANTS 

DATE OF EXPORTATION EXPORT REFERENCES (i.e., order no., invoice no., etc.) 
1/1/94 <CTO#> 

SHIPPER/EXPORTER (complete name and address) CONSIGNEE 
-Joe Smith Sample Receipt 
Ogden <Lab Name> 
c/o <hotel name> <Lab Address> 

<hotel address> 

COUNTRY OF EXPORT IMPORTER - IF OTHER THAN CONSIGNEE 

Guam, USA 

COUNTRY OF ORIGIN OF GOODS 
Guam, USA 

COUNTRY OF ULTIMATE DESTINATION 
USA 

I 
INTERNATIONAL I (NOTE: All shipments must be 
AIR WAYBILL NO. """'°'''";"by• Foderal E.p~~ 

International Air Waybill) 

MARKS/NOS NO.OF TYPE OF FULL DESCRIPTION OF GOODS QT UNIT OF 
PKGS PACKAGING y MEASURE 

3 coolers Water samples for labc 
analysis only 

TOTAL 
NO.OF 
PKGS. 

3 

THESE COMMODITIES ARE LICENSED FOR THE ULTIMATE DESTINATION SHOWN. 

DIVERSION CONTRARY TO UNITED STATES LAW IS PROHIBITED. 

I DECLARE ALL THE INFORMATION CONTAINED IN THIS INVOICE TO BE TRUE AND CORRECT 

SIGNATURE OF SHIPPER/EXPORTER (Type name and title and sign) 

WEIGHT 

TOTAL 
WEIGHT 

Joe Smith, Ogden Joe Smith 1/1 /94 

3-04 Sample Handling, Storage, and Shipping 
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QJ 
::J 
c. 
V> 
:::T -o· 

"O 

~· 
UNITED STATES 
DEPARTMENT OF 
AGRICULTURE 

Animal and Plant 
Health Inspection 
Sel"Yice 

l'llDI Proleclion and 
Qu11r1Dtine 

Soil Permit 

Columbia Analytical Services 
(Lee Wolf) 
1317 S. 13th Avenue Issued To: 
Kelso, Washington 98626 

TELEPHONE: (360) 577-7222 

Permtt 
Number: S-52299 

Under the authority of the Federal Plant Pest Act of May 23, 1957, permission is 
hereby granted to the facility/Individual named above subject to the following 
conditions: 

1. Valid for shipments of 8oll not neat treated at the port of entry, only Ir a compliance 
agreement (PPQ Fonn 519) has been completed and signed. Compliance Agreements· 
and Soll permits are non-transferable. If you hold e Soil Penni! and you leave your present 
employer or company, you must notify your local USDA office promptly. 
2. To be shipped In sturdy, leakproof, containers. 
3. To be released without treatment at the port of entry. 
4. To be used only for analysis end only in the faclllty of the parmittea at :Columbia Analytlcal 
Services, located In Kelso, Washington. 
5. No use or soil ror growing purposes Is authorized, including the Isolation or culture 
of organisms Imported In soil. 
6. All unconsumed soil, containers, and effluent Is to be autoclaved, Incinerated, or heat 
treated by the permlttee at the conclusion of the project as approved and prescribed by 
Plant Protection and Quarantine. 
7. This permit authorizes shipmentll rrom all foreign sources, Including Guam, Hawaii, 
Puerto Rico, and the U.S. Virgin Islands through any U.S. port of entry. 

JUNE 3o, 2ooa iL., , n .~ 
. Expiration Date Approving Officlal DEBORAH M. KNOTT 

WARNING.: Arly aneration, lorgary, or unauthorized use.ol thhl Federal form is subjecl to civil penaHies or up lo SZll0,000 (7 U.s:c. & 7734(b)) or 
punishable by a ftne of not mere than $10,000, or lmprlsonmenl of not more than 5 years. or both (18 U.S.C. s 1001). 

• ; PPQ FORM 5~58 (8/94) 

Pt I - PERMITTEE 



Attachment 9 
Soil Samples Restricted Entry Labels 
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U.S. DEPARTMENT OF AGRICULTURE 

ANIMAL AND PLANT HEALTH INSPECTION 

SERVICE 

PLANT PROTECTION AND QUARANTINE 

HYATTSVILLE, MARYLAND 20782 

SOIL SAMPLES 

RESTRICTED ENTRY 

The material contained in this 

package is imported under authority 

of the Federal Plant Pest Act of May 

23, 1957. 

For release w~hout treatment 

if addressee is curren~y listed 

as approved by Plant 

Protection and Quarantine. 

PPQ FORM 550 Edmon of il/77 may be used 

(JAN 83) 
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Investigation Derived Waste Management 

Procedure 3-05 

1.0 Purpose and Scope 

~ 
RESOLUTION 
CONSULTANTS 

This standard operating procedure (SOP) describes activities and responsibilities of the United States 
(U.S.) Navy Environmental Restoration (ER) Program, Naval Facilities Engineering Command, Atlantic 
(NAVFAC Atlantic) with regard to management of investigation-derived waste (IDW). The purpose of 
this procedure is to provide guidance for the minimization, handling, labelling, temporary storage, 
inventory, classification, and disposal of IDW generated under the ER Program. This procedure will also 
apply to personal protective equipment (PPE), sampling equipment, decontamination fluids, non-IDW 
trash, non-indigenous IDW, and hazardous waste generated during implementation of removal or 
remedial actions. The information presented will be used to prepare and implement work plans (WPs) for 
IDW-related field activities. The results from implementation of WPs will then be used to develop and 
implement final IDW disposal plans. 

If there are procedures whether it be from Resolution Consultants; state and/or federal that are not 
addressed in this SOP and are applicable to IDW then those procedures may be added as an appendix to 
the project specific SAP. 

This procedure applies to all Navy ER projects performed in the NAVFAC Atlantic Area of Responsibility. 

This procedure shall serve as management-approved professional guidance for the ER Program and is 
consistent with protocol in the Uniform Federal Policy-Quality Assurance Project Plan (DoD 2005). As 

professional guidance for specific activities, this procedure is not intended to obviate the need for 
professional judgment during unforeseen circumstances. Deviations from this procedure while planning 
or executing planned activities must be approved by both the Contract Task Order (CTO) Manager and 
the Quality Assurance (QA) Manager or Technical Director, and documented. 

This procedure was developed to serve as management-approved professional guidance for the 
management of IDW generated under the ER Program. It focuses on the requirements for minimizing, 
segregating, handling, labeling, storing, and inventorying IDW in the field. Certain drum inventory 
requirements related to the screening, sampling, classification, and disposal of IDW are also noted in this 
procedure. 

2.0 Safety 
The health and safety considerations for the work associated with this SOP, including both potential 
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the 
absence of a HASP, work will be conducted according to the CTO WP and/or direction from the Site 
Safety Officer (SSO). 

All Field Personnel responsible for IDW management must adhere to the HASP and must wear the PPE 
specified in the site-specific HASP. Generally, this includes, at a minimum, steel-toed boots or steel-toed 
rubber boots, safety glasses, American National Standards Institute-standard hard hats, and hearing 
protection (if heavy equipment is in operation). If safe alternatives are not achievable, discontinue site 
activities immediately. 

3.0 Terms and Definitions 
None. 
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4.0 Training and Qualifications 

(@) 
RESOLUTION 
CONSULTANTS 

4.1 The CTO Manager is responsible for ensuring that IDW management activities comply with this 
procedure. The CTO Manager is responsible for ensuring that all personnel involved in IDW 
management shall have the appropriate education, experience, and training to perform their assigned 
tasks. 

4.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

4.3 The Field Manager is responsible for ensuring that all IDW is managed according to this procedure. 

4.4 All Field Personnel are responsible for the implementation of this procedure. 

s.o Equipment and Supplies 
The equipment and supplies required for implementation of this SOP include the following: 

• Containers for waste (e.g., [U.S. Department of Transportation] DOT approved 55-gallon open and 
closed top drums) and material to cover waste to protect from weather (e.g., plastic covering); 

• Hazardous /non-hazardous waste drum labels (weatherproof); 

• Permanent marking pens; 

• Inventory forms for project file; 

• Plastic garbage bags, zip lock storage bags, roll of plastic sheeting; and 

• Steel-toed boots, chemical resistant gloves, coveralls, safety glasses, and any other PPE required in 
the HASP. 

6.0 Procedure 
The following procedures are used to handle the IDW. 

6.1 Drum Handling 

6.1.1 IDW shall be containerized using DOT approved drums. The drums shall be made of steel or 
plastic, have a 55-gallon capacity, be completely painted or opaque, and have removable 
lids (i.e., United Nations Code 1A2 or 1H2). Typically 55-gallon drums are used, however 
small drums may be used depending on the amount of waste generated. New steel drums 
are preferred over recycled drums. · 

6.1.2 Recycled drums should not be used for hazardous waste, PCBs or other regulated 
shipments. For short-term storage of liquid IDW prior to discharge, double-walled bulk steel 
or plastic storage tanks may be used. For this scenario, consider the scheduling and cost
effectiveness of this type of bulk storage, treatment, and discharge system versus longer
term drum storage. 

6.1.3 For long-term IDW storage at other project locations, the DOT approved drums with 
removable lids are recommended. Verify the integrity of the foam or rubber sealing ring 
located on the underside of some drum lids prior to sealing drums containing IDW liquids. 

6.1.4 If the ring is only partially attached to the drum lid, or if a portion of the ring is missing, 
select another drum lid with a sealing ring that is in sound condition. 

6.1.5 To prepare IDW drums for labeling, wipe clean the outer wall surfaces and drum lids of all 
material that might prevent legible and permanent labeling. If potentially contaminated 
material adheres to the outer surface of a drum, wipe that material from the drum, and 
segregate the paper towel or rag used to remove the material with visibly soiled PPE and 
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RESOLUTION 
CONSULTANTS 

disposable sampling equipment. Label all IDW drums and place them on pallets prior to 
storage. 

6.2 Labelling 

6.2.1 Containers used to store IDW must be properly labelled. Two general conditions exist: 1) 
from previous studies or on-site data, waste characteristics are known to be either 
hazardous or nonhazardous; or 2) waste characteristics. are unknown until additional data 
are obtained. 

6.2.2 For situations where the waste characteristics are known, the waste containers should be 
packaged and labelled in accordance with state regulations and any federal regulations that 
may govern the labelling of waste. 

6.2.3 The following information shall be placed on all non-hazardous waste labels: 

• Description of waste (i.e., purge water, soil cuttings); 

• Contact information (i.e., contact name and telephone number); 

• Date when the waste was first accumulated. 

6.2.4 The following information shall be placed on all hazardous waste labels: 

• Description of waste (i.e., purge water, soil cuttings); 

• Generator information (i.e., name, address, contact telephone number); 

• EPA identification number (supplied by on-site client representative); 

• Date when the waste was first accumulated. 

6.2.5 When the final characterization of a waste is unknown, a notification label should be placed 
on the drum with the words "waste characterization pending analysis" and the following 
information included on the label: 

• Descri(Jtion of waste (i.e., purge water, soil cuttings); 

• Contact information (i.e., contact name and telephone number); 

• Date when the waste was first accumulated. 

6.2.6 Once the waste has been characterized, the label should be changed as appropriate for a 
nonhazardous or hazardous waste. 

6.2.7 Waste labels should be constructed of a weatherproof material and filled out with a 
permanent marker to prevent being washed off or becoming faded by sunlight. It is 
recommended that waste labels be placed on the side of the container, since the top is 
more subject to weathering. However, when multiple containers are accumulated together, 
it also may be helpful to include labels ·an the top of the containers to facilitate organization 
and disposal. 

6.2.8 Each container of waste generated shall be recorded in the field notebook used by the 
person responsible for labelling the waste. After the waste is disposed of, either by 
transportation off-site or disposal on-site in an approved disposal area, an appropriate 
record shall be made in the same field notebook to document proper disposition of IDW. 
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6.3 Types of Site Investigation Waste 

(@) 
RESOLUTION 
CONSULTANTS 

Several types of waste are generated during site investigations that may require special handling. These 
include solid, liquid, and used PPE, as discussed further below. 

Solid Waste 

Soil cuttings from boreholes will typically be placed in containers unless site specific requirements allow 
for soil cuttings to be placed back into the borehole after drilling is complete. Drilling mud generated 
during investigation activities shall be collected in containers. Covers should be included on the 
containers and must be secured at all times and only open during filling activities. The containers shall 
be labelled in accordance with this SOP. An inventory containing the source, volume, and description of 
material put in the containers shall be logged on prescribed forms and kept in the project file. 

Non-hazardous solid waste can be disposed on-site in the designated site landfill or in a designated 
evaporation pond if it is liquefied. Hazardous wastes must be disposed off-site at an approved hazardous 
waste landfill. 

Liquid Waste 

Groundwater generated during monitoring well development, purging, and sampling can be collected in 
truck-mounted containers and/or other transportable containers (i.e., 55-~allon drums). Lids or bungs on 
drums must be secured at all times and only open during filling or pumping activities. The containers 
shall be labelled in accordance with this SOP. Non-hazardous liquid waste can be disposed of in one of 
the designated lined evaporation ponds on-site. Hazardous wastes must be handled separately and 
disposed off-site at an approved hazardous waste facility. 

Personal Protective Equipment 

PPE that is generated throughout investigation activities shall be placed in plastic garbage bags. If the 
solid or liquid waste t.hat was being handled is characterized as hazardous waste, then the corresponding 
PPE should also be disposed as hazardous waste. If not, all PPE should be disposed as non-hazardous 
waste in the designated on-site landfill. Trash that is generated as part of field activities may be 
disposed of in the landfill as long as the trash was not exposed to hazardous media. 

6.4 Waste Accumulation On-Site 

6.4.1 Solid, liquid, or PPE waste generated during investigation activities that are classified as 
nonhazardous or "characterization pending analysis" should be disposed of as soon as 
possible. Until disposal, such containers should be inventoried, stored as securely as 
possible, and inspected regularly, as a general good practice. 

6.4.2 Solid, liquid, or PPE waste generated during investigation activities that are classified as 
hazardous shall not be accumulated on-site longer than 90 days. All hazardous waste 
containers shall be stored in a secured storage area. The following requirements for the 
hazardous waste storage area must be implemented: 

• Proper hazardous waste signs shall be posted as required by any state or federal 
statutes that may govern the labelling of waste; 

• Secondary containment to contain spills; 

• Spill ·containment equipment must be available; 

• Fire extinguisher; 

• Adequate aisle space for unobstructed movement of personnel. 
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(@) 
RESOLUTION 
CONSULTANTS 

6.4.3 Weekly storage area inspections shall be performed and documented to ensure compliance 
with these requirements. Throughout the project, an inventory shall be maintained to 
itemize the type and quantity of the waste generated. 

6.5 Waste Disposal 

6.5.1 Solid, liquid, and PPE waste will be characterized for disposal through the use of client 
knowledge, laboratory analytical data created from soil or groundwater samples gathered 
during the field activities, and/or composite samples from individual containers. 

6.5.2 All waste generated during field activities will be stored, transported, and disposed of 
according to applicable state, federal, and local regulations. All wastes classified as 
hazardous will be disposed of at a licensed treatment storage and disposal facility or 
managed in other approved manners. 

6.5.3 In general, waste disposal should be carefully coordinated with the facility receiving the 
waste. Facilities receiving waste have specific requirements that vary even for non
hazardous waste, so characterization should be conducted to support both applicable 
regulations and facility requirements. 

6.6 Regulatory Requirements 

The following federal and state regulations shall be used as resources for determining waste 
characteristics and requirements for waste storage, transportation, and disposal: 

• Code of Federal Regulations (CFR), Title 40, Part 261; 

• CFR, Title 49, Parts 172, 173, 178, and 179. 

6.7 Waste Transport 

A state-certified hazardous waste hauler shall transport all wastes classified as hazardous. Typically, the 
facility receiving any waste can coordinate a hauler to transport the waste. Shipped hazardous waste 
shall be disposed of in accordance with all RCRA/USEPA requirements. All waste manifests or bills of 
lading will be signed either by the client or the client's designee. 

7 .o Quality Control and Assurance 
7.1 Management of IDW must incorporate quality control measures to ensure conformance to these and the 

project requirements. 

8.0 Records, Data Analysis, Calculations 
8.1 Maintain records as required by implanting the procedures in this SOP. 

8.2 Deviations from this procedure or the sampling and analysis plan shall be documented in field records. 
Significant changes shall be approved by the Program Quality Manager. 

9.0 Attachments or References 
Department of Defense, United States (DoD). 2005. Uniform Federal Polic:v for Quality Assurance PrQjfil 
£jan5, Part_ 1: Uf£:0APP f:@_pual. Final Version 1. DoD: DTIC ADA 427785, EPA-505-B-04-900A. In. 
conjunction with the U.S. Environmental Protection Agency and the Department of Energy. Washington: 
Intergovernmental Data Quality Task Force. March. On-line updates available at: htto://www.epa.go_'.!'L: 
[,;WJac/pdfL\dfQ___QQ.QQ v l 0305 .QQf. 

Department of Energy, United States (DOE). 1994 . .[he Off-Site Rule. EH-231-020/0194. Office of 
Environmental Guidance. March. 
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Equipment Decontamination 

Procedure 3-06 

1.0 Purpose and Scope 
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1.1 This standard operating procedure (SOP) describes methods of equipment decontamination, to be used 
for activities where samples for chemical analysis are collected or where equipment will need to be 
cleaned before leaving the site or before use in subsequent activities. 

1.2 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and·review. 

2.0 Safety 
It is the responsibility of the Site Safety Officer (SSO) to set up the site zones (i.e., exclusion, 
transition, and clean) and decontamination areas. Generally the decontamination area is located within 
the transition zone, upwind of intrusive activities, and serves as the washing area for both personnel and 
equipment to minimize the spread of contamination into the clean zone. Typically, for equipment, a 
series of buckets are set up on a visqueen-lined bermed area. Separate spray bottles containing cleaning 
solvents as described in this procedure or the Contract Task Order (CTO) Work Plan (WP) and distilled 
water are used for final rinsing of equipment. Depending on the nature of the hazards and the site 
location, decontamination of heavy equipment, such as augers, pump drop pipe, and vehicles, may be 
accomplished using a variety of techniques. 

All Field Personnel responsible for equipment decontamination must adhere to the site-specific health 
and safety plan (HSP) and must wear the personal protective equipment (PPE) specified in the site
specific HSP. Generally this includes, at a minimum, Tyvek® coveralls, steel-toed boots with boot covers 
or steel-toed rubber boots, safety glasses, American National Standards Institute-standard hard hats, 
and hearing protection (if heavy equipment is in operation). Air monitoring by the SSO may result in an 
upgrade to the use of respirators and cartridges in the decontamination area; therefore, this equipment 
must be available on site. If safe alternatives are not achievable, discontinue site activities immediately. 

In addition to the aforementioned precautions, the following sections describe safe work practices that 
will be employed. 

2.1 Chemical Hazards associated with Equipment Decontamination 

Avoid skin contact with and/or incidental ingestion of decontamination solutions and water. 

• Utilize PPE as specified in the site-specific HSP to maximize splash protection. 

Refer to material safety data sheets, safety personnel, and/or consult sampling personnel regarding 
appropriate safety measures (i.e., handling, PPE including skin and respiratory). 

Take the necessary precautions when handling detergents and reagents. 

2.2 Physical Hazards associated with Equipment Decontamination 

• To avoid possible back strain, it is recommended to raise the decontamination area 1 to 2 feet 
above ground level. 

To avoid heat stress, over exertion, and exhaustion, it is recommended to rotate equipment 
decontamination among all site personnel. 
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• Take necessary precautions when handling field sampling equipment. 

3.0 Terms and Definitions 
None. 

4.0 Training and Qualifications 
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4.1 The CTO Manager is re~ponsible for ensuring that decontamination activities comply with this 
procedure. The CTO Manager is responsible for ensuring that all personnel involved in equipment 
decontamination shall have the appropriate education, experience, and training to perform their assigned 
tasks. 

4.2 The Program Quality Manager is responsible for ensuring overall Compliance with this procedure. 

4.3 The Field Manager is responsible for ensuring that all field equipment is decontaminated according to 
this procedure. 

4.4 All Field Personnel are responsible for the implementation of this procedure. 

5.0 Procedure 
Decontamination of equipment used in soil/sediment sampling, groundwater monitoring, well drilling and 
well development, as well as equipment used to sample groundwater, surface water, sediment, waste, 
wipe, asbestos, and unsaturated zone, is necessary to prevent cross-contamination and to maintain the 
highest integrity possible in collected samples. Planning a decontamination program requires 
consideration of the following factors: 

• Location where the decontamination procedures will be conducted 

• Types of equipment requiring decontamination 

• Frequency of equipment decontamination 

• Cleaning technique and types of cleaning solutions appropriate to the contaminants of concern 

• Method for containing the residual contaminants and wash water from the decontamination process 

• Use of a quality control measure to determine the effectiveness of the decontamination procedure 

The following subsections describe standards for decontamination, including the frequency of 
decontamination, cleaning solutions and techniques, containment of residual contaminants and cleaning 
solutions, and effectiveness. 

5.1 Decontamination Area 

Select an appropriate location for the decontamination area at a site based on the ability to control 
access to the area, the ability to control residual material removed from equipment, the need to store 
clean equipment, and the ability to restrict access to the area being investigated. Locate the 
decontamination area an adequate distance away and upwind from potential contaminant sources to 
avoid contamination of clean equipment. 

5.2 Types of Equipment 

Drilling equipment that must be decontaminated includes drill bits, auger sections, drill-string tools, drill 
rods, split barrel samplers, tremie pipes, clamps, hand tools, and steel cable. Decontamination of 
monitoring well development and groundwater sampling equipment includes submersible pumps, bailers, 
interface probes, water level meters, bladder pumps, airlift pumps, peristaltic pumps, and lysimeters. 
Other sampling equipment that requires decontamination includes, but is not limited to, hand trowels, 
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hand augers, slide hammer samplers, shovels, stainless-steel spoons and bowls, soil sample liners and 
caps, wipe sampling templates, composite liquid waste samplers, and dippers. Equipment with a porous 
surface, such as rope,. cloth hoses, and wooden blocks, cannot be thoroughly decontaminated and shall 
be properly disposed of after one use. 

5.3 Frequency of Equipment Decontamination 

Decontaminate down-hole drilling equipment and equipment used in monitoring well development and 
purging prior to initial use and between each borehoie or well. Down-hole drilling equipment, however, 
may require more frequent cleaning to prevent cross-contamination between vertical zones within a 
single borehole. When drilling through a shallow contaminated zone and installing a surface casing to 
seal off the contaminated zone, decontaminate the drilling tools prior to drilling deeper. Initiate 
groundwater sampling by sampling groundwater from the monitoring well where the least contamination 
is suspected. Decontaminate groundwater, surface water, and soil sampling devices prior to initial use 
and between collection of each sample to prevent the possible introduction of contaminants into 
successive samples. 

5.4 Cleaning Solutions and Techniques 

Decontamination can be accomplished using a variety of techniques and fluids. The preferred method of 
decontaminating major equipment, such as drill bits, augers, drill string, and pump drop-pipe, is steam 
cleaning. To steam clean, use a portable, high-pressure steam cleaner equipped with a pressure hose 
and fittings. For this method, thoroughly steam wash equipment and rinse it with potable tap water to 
remove particulates and contaminants. 

A rinse decontamination procedure is acceptable for equipment such as bailers, water level meters, new 
and re-used soil sample liners, and hand tools. The decontamination procedure shall consist of the 
following: (1) wash with a non-phosphate detergent (Alconox®, Liquinox®, or other suitable detergent) 
and potable water solution; (2) rinse with potable water; (3) spray with laboratory-grade isopropyl 
alcohol; (4) rinse with deionized or distilled water; and (5) spray with deionized or distilled water. If 
possible, disassemble equipment prior to cleaning. Add a second wash at the beginning of the process if 
equipment is very soiled. 

Decontaminating submersible pumps requires additional effort because internal surfaces become 
contaminated during usage. Decontaminate these pumps by washing and rinsing the outside surfaces 
using the procedure described for small equipment or by steam cleaning. Decontaminate the internal 
surfaces by recirculating fluids through the pump while it is operating. This recirculation may be done 
using a relatively long (typically 4 feet) large-diameter pipe ( 4-inch or greater) equipped with a bottom 
cap. Fill the pipe with the decontamination fluids, place the pump within the capped pipe, and operate 
the pump while recirculating the fluids' back into the pipe. The decontamination sequence shall include: 
(1) detergent and potable water; (2) potable water rinse; (3) potable water rinse; and (4) deionized 
water rinse. Change the decontamination fluids after each decontamination cycle. 

Solvents other than isopropyl alcohol may be used, depending upon the contaminants involved. For 
example, if polychlorinated biphenyls or chlorinated pesticides are contaminants of concern, hexane may 
be used as the decontamination solvent; however, if samples are also to be analyzed for volatile 
organics, hexane shall not be used. In addition, some decontamination solvents have health effects that 
must be considered. Decontamination water shall consist of distilled or deionized water. Steam-distilled 
water shall not be used in the decontamination process as this type of water usually contains elevated 
concentrations of metals. Decontamination solvents to be used during field activities will be specified in 
the CTO WP. 

Rinse equipment used for measuring field parameters, such as pH (indicates the hydrogen ion 
concentration - acidity or basicity), temperature, specific conductivity, and turbidity with deionized or 
distilled water after each measurement. Also wash new, unused soil sample liners and caps with a fresh 
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detergent solution and rinse them with potable water followed by distilled or deionized water to remove 
ariy dirt or cutting oils that might be on them prior to use. 

5.5 Containment of Residual Contaminants and Cleaning Solutions 

A decontamination program for equipment exposed to potentially hazardous materials requires a . 
provision for catchment and disposal of the contaminated material, cleaning solution, and wash water. 

When contaminated material and cleaning fluids must be contained from heavy equipment, such as drill 
rigs and support vehicles, the area must be properly floored, preferably with a concrete pad that slopes 
toward a sump pit. If a concrete pad is impractical, planking can be used to construct solid flooring that 
is then covered by a nonporous surface and sloped toward a collection sump. If the decontamination 
area lacks a collection sump, use plastic sheeting and blocks or other objects to create a bermed area 
for collection of equipment decontamination water. Situate items, such as auger flights, which can be 
placed on metal stands or other similar equipment, on this equipment during decontamination to prevent 
contact with fluids generated by previous equipment decontamination. Store clean equipment in a 
separate location to prevent recontamination .. Collect decontamination fluids contained within the 
bermed area and store them in secured containers as described below. 

Use wash buckets or tubs to catch fluids from the decontamination of lighter-weight drilling equipment 
and hand-held sampling devices. Collect the decontamination fluids and store them on site in secured 
containers, such as U.S. Department of Transportation-approved drums, until their disposition is 

· determined by laboratory analytical results. Label containers in accordance with Procedure 3-05, IDW 
Management 

6.0 Quality Control and Assurance 
A decontamination program must incorporate quality control measures to determine the effectiveness of 
cleaning methods. Quality control measures typically include collection of equipment blank samples or 
wipe testing. Equipment blanks consist of analyte-free water that has been poured over or through the 
sample collection equipment after its final decontamination rinse. Wipe testing is performed by wiping a 
cloth over the surface of the equipment after cleaning. These quality control measures provide "after-the 
fact" information that may be useful in determining whether or not cleaning methods were effective in 
removing the contaminants of concern. 

7 .o Records, Data Analysis, Calculations 

Any project where sampling and analysis is performed shall be executed in accordance with an approved . 
sampling and analysis plan. This procedure may be incorporated by reference or may be incorporated 
with modificatio~s described in the plan. 

Deviations from this procedure or the sampling and analysis plan shall be documented in field records. 
Significant changes shall be approved by the Program Quality Manager. 

8.0 Attachments or References 
8.1 ASTM Standard D5Q88. 2008. Standard Practice for Decontamination of Field Equipment Used at Waste 

Sites, ASTM International, West Conshohocken, PA. 2008. DOI: 10.1520/D5088-02R08. www.astm.org. 

8.2 NAVSEA T0300-AZ-PR0-010. Navy Environmental Compliance Sampling and Field Testing Procedures 
Manual. August 2009. 

8.3 Procedure 3-05, IDW Management 
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Monitoring Well Installation 

Procedure 3-12 

1.0 Purpose and Scope 

1.1 This standard operating procedure (SOP) describes the methods to be used during the installation of 
groundwater monitoring wells. It describes the components of monitoring well design and installation and 
sets forth the rationale for use of various well installation techniques in specific situations. 

1.2 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 

2.1 The health and safety considerations for the work associated with this SOP, including both potential 
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the 
absence of a HASP, work will be conducted according to the Contract Task Order (CTO) Work Plan 
(WP) and/or direction from the Site Safety Officer (SSO). 

2.2 Before well installation commences, appropriate entities (e.g. DigSafe, local public works departments, 
company facilities) must be contacted to assure the anticipated well locations are marked for utilities, 
including electrical, telecommunications, water, sewer, and gas. 

2.3 Physical Hazards Associated with Well Installation 

• Stay clear of all moving equipment and avoid wearing loose fitting clothing. 

• When using an approved retractable-blade knife, always cut away from one self and make sure 
there are no other people in the cutting path or the retractable-blade knife. 

• To avoid slip/trip/fall conditions during drilling activities, keep the area clear of excess soil cuttings 
and groundwater. Use textured boots/boot cover bottoms in muddy areas. 

• To avoid heaUcold stress as a result o_f exposure to extreme temperatures and personal protective 
equipment (PPE), drink electrolyte replacement fluids (1 to 2 cups per hour is recommended) and, 
in cases of extreme cold, wear fitted insulating clothing. 

To avoid hazards associated with subsurface utilities, ensure all sampling locations have been 
properly surveyed as described in SOP 3-01, Utility Clearance. 

• Be aware of restricted mobility caused by PPE. 
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3.0 Terms and Definitions 

3.1 Annulus: The annulus is the down-hole space between the borehole wall and the well casing and 
screen. 

3.2 Bridge: A bridge is an obstruction in the drill hole or annulus. A bridge is usually formed by caving of the 
wall of the well bore, by the intrusion of a large boulder, or by the placement of filter pack materials 
during well completion. Bridging can also occur in the formation during well development. 

3.3 Filter Pack: Filter pack is sand or gravel that is smooth, uniform, clean, well-rounded, and siliceous. It is 
placed in the ann.ulus of the well between the borehole wall and the well screen to prevent formation 
materials from entering the well and to stabilize the adjacent formation. 

3.4 Grout: Grout is a fluid mixture of cement and water that can be forced through a tremie pipe and 
emplaced in the annular space between the borehole and casing to form an impermeable seal. Various 
additives, such as sand, bentonite, and polymers, may be included in the mixture to meet certain 
requirements. 

3.5 Heaving (Running) Sands: Loose sands in a confined water-bearing zone or aquifer which tend to rise 
. up into the drill stem when the confining unit is breached by the drill bit. Heaving sands occur when the 

water in the aquifer has a pressure head great enough to cause upward flow into the drill stem with 
enough velocity to overcome the weight of the sand. 

3.6 Sieve Analysis: Sieve analysis is the evaluation of the particle-size distribution of a soil, sediment, or 

rock by measuring the percentage of the particles that will pass through standard sieves of various sizes. 

4.0 Interferences 

4.1 Heaving sands may be problematic in unconsolidated sands encountered below the water table. 

4.2 Rotary drilling methods requiring bentonite-based drilling fluids should be used with caution to drill 
boreholes that will be used for monitoring well installation. The bentonite mud builds up on the borehole 
walls as a filter cake and permeates the adjacent formation, potentially reducing the permeability of the 
material adjacent to the well screen. 

4.3 If water or other drilling fluids have been introduced into the boring during drilling or well installation, 
samples of these fluids should be obtained and analyzed for chemical constituents that may be of 
interest at the site. In addition, an attempt should be made to recover the quantity of fluid or water that 
was introduced, either by flushing the borehole prior to well installation and/or by overpumping the well 
during development. 

4.4 Track-mounted drill rigs are suitable for travelling on many types of landscapes that truck-mounted units 
cannot access, but may have limitations on extremely uneven or soft terrain. 

4.5 Care should be taken to prevent cross-contamination between well locations. All drilling equipment 
coming in contact with potentially contaminated soil and/or groundwater will be decontaminated by the 
drilling subcontractor prior to initial drilling activities and between drilling locations in accordance with 
SOP 3-06, Equipment Decontamination. 

5.0 Training and Qualifications 

5.1 Qualifications and Training 

The individual executing these procedures must have read, and be familiar with, the requirements of this 
SOP. 
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5.2 Responsibilities 

5.2.1 Contract Task Order (CTO) Managers are responsible for issuing sampling and analysis 
plans (SAPs) that reflect the procedures and specifications presented in this procedure. 
Individual municipalities, county agencies, and possibly state regulatory agencies enforce 
regulations that may include well construction and installation requirements. The CTO 
Manager shall be familiar with current local and state regulations, and ensure that these 
regulations are followed. The CTO Manager is responsible for ensuring that all personnel 
involved in monitoring well installation shall have the appropriate education, experience, and 
training to perform their assigned tasks. 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this 
procedure. 

5.2.3 The Field Manager is resporsible for direct supervision of the installation of monitoring 
wells and ensuring that procedures and specifications are implemented in the field in 
accordance with the approved SAP and well installation permits. The qualifications for the 
Field Manager must be in accordance with local jurisdictions with authority over the 
operations conducted. 

5.2.4 All field personnel are responsible for the implementation of this procedure. 

5.2.5 The on-site hydrogeologist/engineer is expected to obtain a description of the lithologic 
samples obtained during the excavation and construction of a monitoring well. These data 
are often required to provide guidance regarding the installation of specific components of 
the monitoring well. Guidance for lithologic sample collection and sample description is 
contained within SOP 3-16, Soil and Rock Classification. 

6.0 Equipment and Supplies 

6.1 Materials provided by the drilling contractor may include: 

• Drill rig, drill rods, hollow stem augers, etc. 

• Decontamination equipment (e.g., steam cleaner, high-pressure washer, brushes, etc.) 

• Decontamination pad materials 

• Well screen/riser pipe with flush-threaded couplings including riser and bottom caps 

• Clean, filter sand 

• Bentonite chips or pellets 

• Cement grout and tremie pipe 

• Portland cement for well pad completion 

• Steel protective riser covers and locking caps 

• Weighted calibrated tape 

• Split-spoon samplers 

• 55-gallon drums or containers for drill cuttings, decontamination fluids, etc. 

6.2 In addition to those materials provided by the drilling contractor, equipment and materials required by the 
project geologist/engineer may include, but is not limited to, the following: 

• Photoionization Detector (PID) 

• Spill kit, including at a minimum sorbent pads and shovel (if not provided by subcontractor) 
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• Plastic sheeting 

• Teaspoon or spatula 

• Resealable plastic bags 

• Boring Log Records 

• Decontamination materials (per SOP No. 3-06 - Equipment Decontamination) 

• Weighted measuring tape for depth measurement 

RESOLUTION 
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• Soil logging materials (e.g. USCS classification field card, millimeter rule, hand lens, etc.) 

• Survey lathes or pin flags 

• Digital camera 

• PPE as required by the HASP 

• Planning documents including the site-specific HASP and SAP 

• · Large indelible ink or paint pen 

• Field logbook/field forms/site maps (water proof) 

7.0 Procedure 

7.1 General Procedures 

Specific drilling, sampling, and installation equipment and methodology will be dictated by the type of 
well to be installed (e.g., single case (Type II), double case (Type Ill), bedrock, etc.), geologic 
characteristics of the site, the type of contaminants being monitored, and local and state regulations. 

For access to locations when travelling over difficult terrain, an appropriate line should be chosen before 
mobilizing the drill rig or other support vehicles. If clearing of trees or ground cover is required, perform 
these activities in advance to avoid down time. Avoid wet or soft areas where possible or use ground 
mats and/or timbers to aid in supporting the rig as it travels. If drilling on soft material, place geomatting 
and ground mats under the rig tracks or stabilizers prior to drilling. 

• A utility locate must be conducted to identify all underground utilities at the site prior to drilling (refer to 
SOP 3-01, Utility Clearance). Proper clearance procedures for aboveground/overhead utilities must 
also be followed as specified in the HASP. 

• Although new well materials (well screen and riser pipe) generally arrive at the site boxed and sealed 
within plastic bags, it is sometimes necessary to decontaminate the materials prior to their use. Well 
materials should be inspected by the project geologist/engineer upon delivery to check for cleanliness. 
If the well materials appear dirty, or if local or regional regulatory guidance requires decontamination, 
then well material decontamination should be performed by the drilling subcontractor in accordance with 
SOP 3-06, Equipment Decontamination. 

• The diameter of the borehole must be a minimum of 2 inches greater than the outside diameter of the 
well screen or riser pipe used to construct the well. This is necessary so that sufficient annular space is 
available to install filter packs, bentonite seals, and grout seals, and allow the passage of tremie pipe 
where grouting at depth is required. Bedrock wells may require reaming after coring in order to provide 
a large enough borehole diameter for well installation. 

• When soil sampling is required (refer to the SAP), soil samples will be collected for visual logging by 
advancing split-spoon samplers through the augers. The soil will be visually logged by a field geologist 
and include lithologic characteristics (i.e., soil type, color, density, moisture content, etc.) using the the 
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methods described in SOP 3-16, Soil and Rock Classification. This information will be recorded on a 
boring/well log form, along with well construction details. 

7.2 Drilling Techniques 

Drilling of monitoring well boreholes may be accomplished by a variety of methods as described below. 
Preferred methods include those that temporarily case the borehole during drilling (i.e., hollow stem auger 
and sonic methods) using an override system. Other methods can be used where specific subsurface 
conditions or well design criteria dictate. 

• Hollow stem auger (HSAl - Borings are advanced by rotating steel hollow stem augers with an attached 
cutting head. Soil cuttings are displaced by the cutting head and transported to the surface via 
continuous spiral flights attached to each auger stem. This method is widely used for unconsolidated 
soils that have a tendency to collapse within the boring. A bottom plug can be placed in the bottom 
auger to prevent soils from entering and clogging the auger, especially in the case of heaving sands. 
However, a bottom plug cannot be used when soil samples are to be collected through the.augers. Soil 
plugs that accumulate in the bottom of the auger must be removed or knocked out prior to sampling or 
well installation. 

• Solid stem auger - This type of drilling method is similar to HSA drilling using a solid stem or sealed 
hollow stem auger flights to advance the boring. Solid stem, continuous flight auger use is limited to 
semi-consolidated sediments or to cohesive or semi-cohesive unconsolidated sediments that don't have 
a tendency to collapse when disturbed. 

• Sonic methods - Sonic drilling consists of advancing concentric hollow drill casings (inner and outer) 
using rotation in conjunction with axial vibration of the drill casing. Once the casings are advanced to 
the appropriate depth, the inner string is removed with a core of drill cuttings while the outer casing 
remains in place to keep the borehole open. Cuttings are removed from the inner casing relatively 
intact for logging or sampling purposes. This drilling method is used for a variety of soil types, from 
heaving sands to consolidated or indurated formations. Smearing of the formation along the borehole 
walls is minimal since moderate vibration and rotation techniques are used to advance the casings. 
Since the total borehole diameter in sonic drilling is only incrementally larger than the inner casing 
diameter, care should be taken during installation of the monitoring well to ensure the well is centered 
and adequate space is available for annular materials. 

• Rotary methods (water or mud) - Rotary drilling methods consist of drill rods coupled to a drill bit that 
rotates and cuts through the soils to advance the borehole. Water or drilling fluid ("mud") is forced 
through the hollow drill rods and drill bit as the rods are rotated. The soil cuttings are forced up the 
borehole with the drilling fluids to the surface and the fluids recirculated. The drilling fluid provides a 
hydrostatic pressure that reduces or prevents the borehole from collapsing. Clean, potable water must 
be used for water-rotary drilling to prevent introducing trace contaminants. A sample of the potable 
water should be collected during the course of well installation for analysis of the same parameters 
defined for the groundwater samples. If mud-rotary is used to advance boreholes, potable water and 
bentonite drilling mud should only be used. No chemical additives shall be mixed in the drilling fluid to 
alter viscosity or lubricating properties. Adequate well development is essential for removal of drilling 
mud and fluids from the formation materials and ensure collection of representative groundwater 
samples. 

• Rotary methods (Air) - Air rotary methods are similar to water rotary but use high air velocities in place 
of drilling fluids to rotate the drill bit and carry the soil cuttings up the borehole to the surface. Care 
must be taken to ensure that contaminants are not introduced into the air stream from compressor oils, 
etc. Most compressor systems are compatible with a coalescing filter system. Cuttings exiting the 
borehole under pressure must be controlled, especially when drilling in a zone of potential 
contamination. This can be accomplished by using an air diverter with hose or pipe to carry the cuttings 
to a waste container. Letting the cuttings blow uncontrolled from the borehole is not acceptable. 
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• If rotary drilling techniques are used, the borehole should be flushed or blown free of material prior to 
well installation. If hollow stem augers are used, the soil or bottom plug should be removed and the 
augers raised approximately six inches above the bottom of the borehole, while slowly rotating the 
augers to remove cuttings from the bottom of the boring. The depth of the borehole should be 
confirmed with a weighted, calibrated tape. 

• The riser pipe and screen should be connected with flush-threaded joints and assembled wearing clean, 
disposable gloves. No solvent or anti-seize compound .should be used on the connections. The full 
length of the slotted portion of the well screen and unslotted riser pipe should be measured and these 
measurements recorded on a well construction form (Attachment 1 ). 

• If placed in an open borehole, the assembled well should be carefully lowered and centered in the 
borehole so that the well is true, straight, and vertical throughout. Centering can also be accomplished 
with the use of centralizers, if necessary. However, centralizers should be placed so that they do not 
inhibit the installation of filter sand, bentonite seal, and annular grout. Wells less than 50 deep generally 
do not require centralizers. 

• If hollow stem augers are used, the well should be lowered through the augers and each auger flight 
removed incrementally as the filter sand, bentonite seal, and grout are tremmied or poured into the 
annular space of the well. The well should be temporarily capped before filter sand and other annular 
materials are installed. 

• Clean, silica sand should be placed around the well screen to at least 1 foot above the top of the 
screen. The filter sand should be appropriately graded and compatible with the selected screen size 
and surrounding formation materials. In general, the filter pack should not extend more than 3 feet 
above the top of the screen to limit the thickness of the monitoring zone. As the filter pack is placed, a 
weighted tape should be lowered in the annular space to verify the depth to the top of the layer. This 
measurement will be recorded on the well construction form (Attachment 1 ). If necessary, to eliminate 
possible bridging or creation of voids, placement of the sand pack may require the use of a tremie pipe. 
Tremie pipe sandpack installations are generally suggested for deeper wells and for wells which are 
screened some distance beneath the water table. 

• A minimum 2-foot thick layer of bentonite pellets or slurry seal will be installed immediately above the 
filter sand to prevent vertical flow within the boring from affecting the screened interval. Bentonite 
chips/pellets must be hydrated if place above the water table prior to grouting. If bridging is of concern 
as in the case of deep wells, powdered bentonite may be mixed with water into a very thick slurry and a 
tremie pipe used to place the seal to the desired depth. Placement of the bentonite seal in the borehole 
will be recorded on the well construction form (Attachment 1 ). 

• The remaining annular space around the well will be grouted from the top of the bentonite seal to the 
surface with a grout composed of neat cement, a bentonite cement mixture, or high solids sodium 
bentonite grout. 

• Each well riser will be secured with an expandable, locking cap (vented if possible). Optionally, a hole 
can be drilled in the upper portion of the riser to allow venting of the well. · 

• The well will be completed within a concrete well pad consisting of a Portland cemenUsand mixture. 
Well pads are generally 3 feet by 3 feet square but may be larger or smaller depending on site 
conditions and state-specific well construction standards. Round concrete well pads are also 
acceptable. A minimum of 1 inch of the finished pad should be below grade to prevent washing and 
undermining by soil erosion. 

• If completed as a flush-mount well, the well riser will be cut off approximately 4 to 6 inches below 
ground surface and an expandable, locking cap placed on the well riser. The area around the riser is 
dug out and a steel well vault or manhole cover placed over the riser and set almost flush to the ground 
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to protect the well. The manhole cover should be water-tight and secured with bolts to prevent casual 
access. The well pad will then be constructed around the well vault and slightly mounded at the center 
and sloping away to prevent surface water from accumulating in the well vault. 

• If completed as a stick-up well, the well riser is cut approximately 2.5 to 3 feet above the ground surface 

and an expandable, locking cap placed on the well riser. A steel guard pipe with hinged, locking cap is 
placed over the well riser as a protective casing. The bottom of the guard pipe will be set approximately 

2 feet below ground surface and sealed by pouring concrete from the top of the annular grout around 
the pipe to grade. The concrete well pad should be completed at the same time. Weep holes will be 
drilled in the base of the guard pipe to facilitate draining of rainwater or purge water from inside the 

guard pipe. 

• Bumper posts or bollards may be necessary for additional well protection, especially in high traffic 
areas. The bumper posts should be placed around the well pad .in a configuration that provides 
maximum protection to the well and extend a minimum of 3 feet above the ground. 

7.4 Double Cased Wells 

Under certain site conditions, the use of a double-cased or telescoping (Type Ill) well may be necessary. 

Installation of double-cased wells may be required to prevent the interconnection of two separate aquifers, 
seal off a perched aquifer without creating a vertical hydraulic conduit, prevent cross-contamination during 
construction of wells in deeper aquifers hydro-stratigraphically below impacted aquifers, or case off highly 

impacted soils present above the aquifer to prevent potential "dragging down" of contaminants. 

Similar to conventional wells, construction of double-cased wells can be accomplished using a varety of 
drilling methods. Well construction is initiated by "keying" a large diameter, outer casing into a stratigraphic 
zone of low permeability (clay layer or bedrock). The size of the outer casing should be a minimum of 2 

inches greater than the outside diameter of the inner casing to allow installation of annular seal materials 
during well completion. A pilot borehole should be drilled through the overburden soil and/or contaminated 

zone into a clay confining layer or bedrock. The borehole for the outer casing should be of sufficient size to 
contain the outer casing with a minimum of 2 inches around the outside diameter to allow sufficient annular 

space for tremie or pressure grouting. The boring should extend a minimum of 2 feet into a clay layer and a 
minimum of 1 foot into bedrock, if possible, to ensure an adequate seal. The boring should never breach a 

confining layer or keyed zone under any circumstances. 

Once the boring is completed, the outer casing can be set in the borehole and sealed with grout. The outer 
casing can be set two ways, with or without a bottom cap. If no bottom cap is applied, the casing is usually 
driven approximately 6 inches into the clay confining unit. A grout plug is generally placed in the bottom of 
the casing and once set, standing water in the casing is evacuated prior to drilling below the casing. As an 

alternative, a cap can be placed on the bottom of the casing and if set below the water table, the casing can 
be filled with clean, potable water to hold down the casing in the boring. Grouting should be conducted 

using tremie-grouting or pressure-grouting methods by pumping grout into the annular space between the 
outer casing and the borehole wall from the bottom of the casing to the ground surface. Grout around the 
casing should be allowed to cure at least 24 hours before attempting to drill through the bottom. 

Once the grout is cured, a smaller diameter drill pipe/bit is used to bore through the grout plug or bottom cap 
to the desired well depth. The well is then constructed as described in Section 7.3 above. 

7.5 Post Installation Procedures 

• Wells should be permanently labelled or marked for identification. Well tags can be used to record the 
site name, well number, total depth, installation date, etc. At a minimum, the well number will be written 
in indelible marker or paint on both the outside of the protective casing and inside beneath the casing 
lid, as well as on the riser pipe. 
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• A measuring point will be marked on the top of the riser pipe for taking water level measurements. The 
measuring point can be notched using a knife or saw or can be marked with a waterproof marker or 
paint. The measuring point will also be the point which will be surveyed for vertical elevation data. 

• Upon completion, the following measurements will be taken by the field geologisUengineer and 
recorded on the well construction diagram. 

o Depth to static water level 

o Depth of non-aqueous phase liquid (NAPL), .if present 

o Total depth of well measured from top of casing (TOC) 

o Height of well casing above ground surface 

o Height of protective casing above ground surface 

• All monitoring wells will be surveyed for horizontal and vertical control by a licensed surveyor. 

• Investigation-derived waste (IDW) including drill cuttings, spent materials (e.g., PPE), and 
decontami.nation water should be properly managed in accordance with SOP 3-05, IDW Management. 

8.0 Quality Control and Assurance 

8.1 Field personnel will follow specific quality assurance (QA) guidelines as outlined in the SAP. Certain 
quality control (QC) measures should be taken to ensure proper well installation and construction in 
accordance with this SOP, project specific SAP, and applicable well standards. 

8.2 The borehole will be checked for total open depth, and extended by further drilling or shortened by 
backfilling, as required before installation of the well materials. 

8.3 Water level and NAPL presence will be checked during well installation to ensure that the positions of 
well screen, filter sand, and seals relative to water level conform to project requirements 

8.4 The depth to top of each layer of annular materials (i.e., filter sand, bentonite, grout) will be verified and 
adjusted as necessary for proper placement. 

9.0 Records, Data Analysis, Calculations 

All field information will be recorded in the field logbook and/or standardized field fonns by field personnel. Field data 
recorded will include drilling contractor information, drilling methods, well material and construction infonnation 
provided on the boring logs and well construction fonns, observations or problems encountered during drilling, fluid 
level data, and any deviations from the procedures in this SOP and other project plans. Well Construction Fonns 
(Attachment 1) will provide visual and descriptive information the monitoring well and are often the most critical form 
of documentation generated during the installation of a monitoring well. The field logbook is kept as a general log of 
activities and should not be used in place of the boring log. 

10.0 Attachments or References 

10.1 Attachment 1 - Monitoring Well Construction Form 
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10.2 Environmental Protection Agency, United States (EPA). 1987. A Compendium of Superfund Field 
Operations Methods. Office of Solid Waste and Emergency Response. EPA/540/P-87/001. 

10.3 EPA. 1990. Handbook of Suggested Practices for the Design and Installation of Groundwater 
Monitoring Wells. EPA/600/4-89/034. Office of Research and Development, Washington. March: 

10.4 EPA. 1992. RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of 
Solid Waste. November. 

10.5 EPA, 2008. SESD Operating Procedure SESDGUID-101-RO: Design and Installation of Monitoring 
Wells. USEPA, Science and Ecosystem Support Division (SESD), Athens, Georgia. Effective Date 
February 18, 2008. 

10.6 U.S. Army Corps of Engineers. 2008. Manual No. EM 385-1-1. Safety and Health Requirements. 15 
November 2008. http:/1140.194. 76.129/publications/eng-manuals/em385-1-1 /2008 English/toe.html. 

10.7 SOP 3-01, Utility Clearance. 

10.8 SOP 3-05, IDW Management 

10.9 SOP 3-06, Equipment Decontamination. 

10.1 O SOP 3-16, Soil and Rock Classification. 

Author Reviewer Revisions (Technical or Editorial) 

Mark Kromis Chris Barr Rev O - Initial Issue (May 2012) 
Program Chemist Program Quality Manager 
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Attachment 1 
Monitoring Well Construction Form 

Client: WEUID: 
Pro:fect .\"umber.-

Site Localion Dme instalfod: 

Well l.1Jcar1on. Coo,.&c Ins ector· 

\le1hod: Comractor: 

MONITORING WELL CONSTRl'CTION DETAIL 

MeaS!Jl•f'l9 Po1111 

for Surveying & 
W;}.!erLe.iels 

Cer.ienl Bentcn:e. 
Benlcn:teS1wry 
Grau 'JtNauve 

i..1a1ena~ 

%Cement 

% Bentonite 

"o:\a1i\1,' 
'"1.J1.:ri.1b 

______ Top of Steel Guard Pipe 

Top or Riser Pipe 

Length 

Inside Diameter (IOI ----

Type ot Mater~I 

1.. Stab111zed Water Leve! 

:::::J:=:i;;;d-Screen 
Length 

Inside Diameter (ID} ----

Slot Size 

Type of Marena! 

Type1Size of sand 

Sand Pack Thickness 

·:·:<"""'~,.,.,.t--Bo!tom of Tail Pipe. 
Length 

Bottom of Borehole ....... ~ ...... =u;..-

Borehole Diameter Approved: 

Describe Measuring Point· 
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Monitoring Well Development 

Procedure 3-13 

1.0 Purpose and Scope 

1.1 This standard operating procedure (SOP) describes the procedures used for developing newly installed 
monitoring wells and/or redeveloping existing wells. 

1.2 The purpose of well development is to remove interferences from a well to provide better connection 
between the well and the formation, to improve pumping performance of the well, and to be able to 
collect more representative information from the well (e.g., samples, test results, etc.). Proper well 
development will: 

• Remove drilling residuals (e.g., water, mud) from the borehole and surrounding formations; 

• Improve or restore hydraulic conductivity of the surrounding formations which may have been 
disturbed during the drilling process; 

• Remove residual fines from the well screen and sand pack (filter pack) materials, thus reducing 
turbidity of groundwater and permitting the collection of more representative groundwater samples. 

1.3 There may be circumstances where well development is not desirable, for example, in the presence of 
non-aqueous phase liquids (NAPL) or other significant contamination if development could worsen the 
contaminant impact. If NAPL begins to intrude during development, the development process will be 
halted. This situation will be considered a cause for sample modification requiring approval by the CTO 
Manager and other stakeholders, as applicable. 

1.4 The applicable well development procedures for a particular site may be subject to State or local 
regulatory requirements. In all cases, the project team should consult their local regulatory requirements 
and document the selected well development procedure in the project-specific Sampling and Analysis 
Plan (SAP). For project-specific information refer to the SAP, which takes precedence over these 
procedures. 

1.5 This procedure is the Program-approved professional guidance for work performed by Resolution 
Consultants under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract 
(Contract Number N624 70-11-0-8013). 

1.6 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 

i1 The health and safety considerations for the work associated with this SOP, including both potential 
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the 
absence of a HASP, work will be conducted according to the Contract Task Order (CTO) SAP and/or 
direction from the Site Safety Officer (SSO). 

2.2 Monitoring well development may involve chemical hazards associated with potential contaminants in the 
soil or aquifer being characterized and may involve physical hazards associated with use of well 
development equipment. 

3.0 Terms and Definitions 

None. 
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4.1 Equipment/materials used for development may react with the groundwater during development. 
Appropriate development equipment has been selected for the anticipated condition of the groundwater. 

4.2 Appropriate development methods such as using a surge-block to flush suspended fines in the 
groundwater in and out of the well screen can improve the yield of wells and improve their potential to be 
developed successfully. However, the effectiveness of development can be significantly reduced in wells 
that do not yield sufficient water to allow this flushing to take place. 

4.3 For formations with a significant content of fine-grained materials (silts and clays), or wells with 
improperly sized screens, it may not be possible to reduce turbidity to commonly acceptable levels. 
Possible solutions may include collecting a sample even if excessively turbid, or installing a replacement 
well. 

4.4 Development itself disturbs the surrounding formation and disrupts equilibrium conditions within the well. 
Groundwater samples will not be collected until a minimum of 24 hours after a well is developed to allow 
conditions to stabilize. For sites with fine-grained formations (silts and clays) and highly sorptive 
contamination, a longer time period between development and sampling should be considered. 

5.0 Training and Qualifications 

5.1 Qualifications and Training 

The individual executing these procedures must have read, and be familiar with, the requirements of this 
SOP. 

5.2 Responsibilities 

5.2.1 The CTO Manager is responsible for ensuring that well development activities comply with this 
procedure, The CTO Manager is responsible for ensuring that all personnel involved in well 
development shall have the appropriate education, experience, and training to perform their 
assigned tasks. 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.2.3 The Field Manager is responsible for ensuring that all well development activities are conducted 
according to the either this procedure or the applicable procedure presented in the project-specific 
SAP. 

5.2.4 Field sampling personnel are responsible for the implementation of this procedure. 

5.2.5 The field sampler and/or task manager is responsible for directly supervising the well development 
procedures to ensure that they are conducted according to this procedure and for recording all 
pertinent data collected during sampling. 

6.0 Equipment and Supplies 

6.1 This equipment list was developed to aid in field organization and should be used in planning and 
preparation. Depending on the site-specific requirements and the development method selected, 
additional cir alternative material and equipment may be necessary. In addition, for sites where 
groundwater is expected to be contaminated, the materials to be placed down the well and in contact 
with groundwater should be evaluated so that they are compatible with the chemical conditions expected 
in the well. 

6.2 Equipment and materials used for well development may include, but is not limited to: 

Well development equipment 

• Surge block 
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• Disposable Teflon bailers, appropriate to the diameter of the well(s): 1-inch to 1.5-inch 
for 2-inch inside diameter (ID} monitoring wells. 

• Watterra® footvalve 

• Electric submersible pump 

• 12-volt power source for electric pump 

• High density polyethylene (HOPE) tubing appropriately sized for Watterra® footvalve 
and/or electric submersible pump 

• Drums or containers for storage of purge water 

• Nephelometer to measure turbidity 

• Multi-parameter water quality meter(s) to measure temperature, pH, conductivity, 
dissolved oxygen (DO}, oxidation reduction potential (ORP) 

• Instrument calibration solutions 

• Water level meter 

• Oil/water interface probe 

General equipment 

• Project-specific plans including the site-specific HASP and SAP 

• Field notebook/field forms/site maps 

• Indelible markers/pens 

• 5-gallon buckets 

Equipment decontamination supplies (refer to SOP 3-06, Equipment Decontamination) 

• Health and safety supplies, including personal protective equipment (PPE) 

• Appropriate hand tools 

• Keys or combinations to access monitoring wells 

• Distilled/deionized water supply 

• Disposable bailer string (polypropylene) 

• Plastic trash bags 

7 .0 Procedure 

Development generally consists of removing water and entrained sediment from the well until the water is clear (to 
the extent feasible} and the turbidity is reduced, which indicates the well is in good hydraulic connection with the 
surrounding formation. In addition to simply removing water, development can be improved when flushing through 
the well screen and gravel pack takes place in both directions, that is, both into the well and into the formation. This 
action breaks down sediment bridges that can occur in the formation or sand pack, which reduce the connection 
between the well and the formation 

7 .1 General Preparation 

• All down-well equipment should be decontaminated prior to use and between well locations in 
accordance with SOP 3-06, Equipment Decontamination 

• Although equipment is decontaminated between well locations, if wells are known or suspected to 
be contaminated based on observations during well installation, it is recommended that well 
development be conducted in order from the least contaminated to the most contaminated well to 
minimize the chances of cross-contamination. 

• Management of investigation-derived waste (IDW), including development purge water and 
miscellaneous expendable materials generated during the development process, will be conducted 
in accordance with SOP 3-05, IDW Management. 
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• Prior to accessing the well, the wellhead should be cleared of debris and/or standing water. Nothing 
from the ground surface should be allowed to enter the well. 

• The depth to water and total well depth should be measured with a water level meter and recorded 
in the field logbook or on a Well Development Record (Attachment 1 ). This information will be used 
to calculate the volume of standing water (i.e., the well volume) within the well,.and plan the specific 
details of the well development. If wells are suspected to contain NAPL, an oil/water interface probe 
shOuld be used to measure liquid levels and depth to bottom of the well. 

• Permanent monitoring wells will be developed no sooner than 24 hours after well installation is 
completed in order to allow well completion materials to set properly. 

7.2 Monitoring Well Development Procedures 

Generally, development will begin by gently surging the well with a surge block or bailer as described in 
Sections 7.2,1 and 7.2.2, respectively. Surging can become more vigorous as development progresses 
but initially the weil must be gently surged to allow material blocking the screen to become suspended 
without damaging the well. Next, a bailer can be used to remove the sediment settled at the base of the 

well. A bailer, Watterra® pump, or electric submersible pump will then be used to purge the well, per 

Sections 7.2.2, 7.2.3, or 7.2.4, respectively. The well will be purged until the removed water becomes 
less turbid or per the requirements of the project-specific SAP, or State or local requirements. At this 
point the well will be surged again with a surge block or bailer. The well can be surged more vigorously 
at this point. After surging, the well will be purged again until the turbidity once again decreases. The 
surge/purge cycle should be completed at least three times during the development process. After the 
last surge, the well will be purged until the development completion criteria outlined in 7.3.2 or per the 
project-specific SAP are met. 

7.2.1 Surge Block 

The default method of well development is the use of a surge block in conjunction with pumping or 
bailing to remove sediment-laden water. 

• . The construction of the surge block must be appropriate for the diameter of the well. The surge 
block must be mounted on rods or other stiff materials to extend it to the appropriate depths and to 
allow for the surge block to be moved up and down in the well. 

• Insert the surge block into the well and lower it slowly to the screened or open interval below the 
static water level. Start the surge action by slowly and gently moving the surge block up and down 
in the well. A slow initial surging, using plunger strokes of approximately 1 meter or 3 feet, will allow 
material which is blocking the screen to separate and become suspended. 

• After 5 to 10 plunger strokes, remove water from the well using a separate bailer (Section 7.2.2) or 
pumping techniques (Sections 7.2.3 or 7.2.4). The returned water should be heavily laden with 
suspended fines. The water will be discharged to 5-gallon buckets or 55-gallon drums to be 
managed per the requirements presented in the project-specific SAP. 

• In some cases, the bailer or Watterra® foot valve can act as a surge block, flushing water in and out 
of the well screen as groundwater is removed. 

• Repeat the process of surging and pumping/bailing. As development continues, slowly increase the 
depth of surging to the bottom of the well screen. Surging within the riser portion of the well is 
neither necessary nor effective. 

7.2.2 Bailer 

• Tie a string or other cable securely to the bailer. Lower it to the screened or open interval of the 
monitoring well below the static water level. 

• The bailer may be raised and lowered repeatedly within the screened interval to attempt to simulate 
the action of a surge block by pulling fines through the well screen, and pushing water out into the 
formation to break down bridging. 
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• With the bailer full of water, remove it from the well and discharge the water into 5-gallon buckets or 
55-gallon drums to be managed per the requirements presented in the project-specific SAP. 

• The Watterra® system (Section 7.2.3) or electric submersible pump (Section 7.2.4) may be used as 
a complementary development method to the bailer, especially when removal of additional water at 
a faster rate is beneficial. 

• Continue alternately surging and bailing, monitoring the purge water periodically (Section 7.3.1) until 
development completion criteria are met (Section 7.3.2). 

7.2.3 Watterra® system 

• Attach high-density polyethylene (HOPE) tubing to the decontaminated Watterra® pump foot valve 

• Lower the foot valve and tubing assembly near the bottom of the well. 

• Lift and lower the tubing to allow water to enter the Watterra® foot valve and travel up the tubing and 
discharge the water into 5-gallon buckets or 55-gallon drums to be managed per the requirements 
presented in the project-specific SAP. 

• The lifting and lowering action of the Watterra® sysem will cause some surging action to aid in 
breaking up fine material in the surrounding formation. 

• A bailer (Section 7.2.2) may be used as a complementary development method to the Watterra® 
system, especially during the initial stages of development when a high volume of sediment may be 
required to be removed. 

• An electric submersible pump (Section 7.2.4) may also be used as a complementary development 
method to the Watterra® system, especially when more volume of water is desired to be pumped or 
the turbidity criteria cannot be met due to the surging action of the Watterra® system. 

• Continue alternately surging and pumping, monitoring the purge water periodically (Section 7.3.1) 
until well development completion criteria are met (Section 7.3.2). 

7.2.4 Electric Submersible Pump 

• Attach HOPE tubing to the decontaminated electric submersible pump. 

• Lower the pump and tubing assembly near the bottom of the well, at least a few inches above the 
well total depth. 

• Begin pumping, discharging the water into 5-gallon buckets or 55-gallon drums to be managed per 
the requirements presented in the project-specific SAP. 

• Continue alternately surging and pumping, monitoring the purge water discharge periodically 
(Section 7.3:1) until well development completion criteria are met (Section 7.3.2). 

7.3 Discharge Monitoring 

7.3.1 Monitoring the Progress of Development 

The progress of the development is evaluated through visual observation of the suspended sediment 
load and measurement of the turbidity and other parameters in the purged diischarge water. As 
development progresses, the water should become clearer, measured turbidity should decrease, and 
specific capacity (pumping rate divided by drawdown) should stabilize. Water quality parameters, 
including DO, conductivity, ORP, pH, temperature, and turbidity may be measured and recorded 
periodically to determine the progress of development using the criteria outlined in Section 7.3.2 or per 
the project-specific SAP. Water quality parameters should be measured on each well volume removed. 

7.3.2 Completion of Development 

The well will be considered developed when the following criteria are met or per the criteria set forth in 
the project-specific SAP: 

• A minimum of three times the standing water volume in a well (to include the well screen and casing 
plus saturated annulus, assuming 30 percent porosity) is removed. 
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• Groundwater parameters for three consecutive standing water volumes are within the following: 

o pH - within ± 0.2 units 

o Specific conductivity - within ± 3% 

o ORP-within ± 10 mV 

o Temperature - within ±1 degree Celsius 

o Turbidity - at or below 10 nephelometric turbidity units (NTU) or within ± 10% if above 10 
NTU. 

• The sediment thickness remaining within the well is less than 1 percent of the screen length or less 
than 30 millimeters (0.1 ft) for screens equal to or less than 10 feet long. 

Dissolved oxygen (DO) readings may be recorded but DO readings will not be used as development 
completion criteria because DO may not stabilize. 

If the well has slow groundwater recharge and is purged dry, the well will be considered developed when 
bailed or pumped dry three times in succession and the turbidity has decreased, or per the requirements 
set forth in the project-specific SAP. Water quality parameters may be recorded if feasible using the 
flow-through cell. 

If any water is added to the well's borehole during development or drilling, three times the volume of 
water added will also be removed during well development, or per the requirements set forth in the 
project-specific SAP. 

7.4 Development of Wells with Low Yield 

Water is the primary mechanism to remove fines and flush water through the gravel pack for effective 
development. Therefore, development can be a challenge in wells that do not yield sufficient water to 
recharge when water is removed. However, often these wells are the most in need of development to 
improve their performance as they are typically installed in low permeability formations with a high 
content of fines. Development of these wells can improve their yield. 

The surging portion of the development can be successfully performed in a well with standing water 
regardless of its yield. It is the subsequent removal of fine materials that is hindered when insufficient 
water is recharged to the well. When wells go dry or drawdown significantly during development, 
development can be performed intermittently, allowing sufficient water to recharge prior conducting the 
next stage of surging. These intermittent procedures can take place hours or even days apart, 
depending on project-specific time constraints. 

7.5 Wells containing NAPL 

Additional care should be taken when planning development of wells that contain NAPL. If the NAPL is 
flammable, there are health and safety as well as handling issues to consider. If NAPL in excess of a 
persistent sheen is noted, the recharge rate will be evaluated through hand bailing. In most cases, it is 
generally preferable to remove NAPL by bailing to the extent practical prior to performing development. 
Groundwater parameters, excluding turbidity, will not be collected during well development if NAPL or 
excessive sheen is noticed in the purged water during development to ensure the meter probes are not 
fouled or destroyed. Well development will be halted. 

Development by surging or pumping the well dry can result in the spreading of NAPL vertically in the soil 
column around the well. These methods can be used, if information exists describing the vertical 
thickness of the NAPL smear zone around the well, and if the methods do not result in mounding or 
drawdown that exceeds this thickness. Alternate methods such as bailing may also be used, but any 
method should not allow the well to be pumped dry or result in significant drawdown that would spread 
the NAPL vertically. 
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7.6 Temporary Well Points 

For certain projects, temporary well points (TWPs) may be installed to collect groundwater samples at a 
site. Since no sand pack, bentonite chips, or bentonite grout are generally used in the construction of the 
TWPs, development can proceed as soon as sufficient water has entered the well to static conditions. 
Due to the small diameter of these wells, generally %-inch to 1-inch ID, development will be performed 
using either a small diameter (0.5-inch) bailer and/or a peristaltic pump with dedicated tubing. The TWPs 
will have minimal water column and may purge dry during development. However, attempts will be made 
to remove fines from the well prior to sampling. Purging and sampling may occur as soon as 
approximately 80% of the static water has re-entered the TWP, or per the requirements set forth in the 
project-specific SAP. 

8.0 Quality Control and Assurance 

8.1 Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific 
SAP. 

8.2 Quality control (QC) requirements are dependent on project-specific sampling objectives. The project
specific SAP will provide requirements for equipment decontamination (frequency and materials) and 
IDW handling. 

9.0 Records, Data Analysis, Calculations 

9.1 All data and information (e.g., development method used) must be documented on field data sheets 
(Attachment 1) or within site logbooks with permanent ink. Data recorded may include the following: 

10.0 

Author 

• Well Location 

• Weather conditions 

• Date and Time 

• Purge Method 

• Reading/measurements obtained 

Attachments or References 

Attachment 1 - Well Development Record 

SOP 3-05, IDW Management. 

SOP 3-06, Equipment Decontamination. 

Reviewer 

Shawn Dolan Chris Barr 
Senior Scientist 
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Attachment 1 
Well Development Record 

Well/Piezometer Development Record 

Client: 

'Well ID: 

(@j) 
RESOLUTION 
CONSULTANTS 

Project No: ________ Date: Developer: ____________ _ 

Site Location: 

Wetl/Piezometer Data 

Well D Piezometer D 

Measuring Point Description 

Depth to Top of Screen (ft.) 

Depth to Bottom of Screen (ft.) 

Total Well Depth (ft.) 

Depth to Static Water Level (ft.) 

Diameter ___ _ Material------

Geology at Screen Interval 
(if known) 

Time of Water Level Measurement 

Calculate Purge Volume (gal.) 

Disposal Method 

Headspace 

Original Well Development D Redevelopment 0 Date of Original Development ___ _ 

DEVELOPMENT METHOD 

PURGE METHOD 

Time Total 
Volume 

Purged 
(gal.) 

Flow 
Rate 

(gpm) 

Turbidity 
(NTUJ 

ACCEPTANCE CRITERIA (from workplan) 
Minimum Purge Volume Required __ gallons 
Maximum Turbidity Allowed __ NTUs 
Stabilization of parameters __ % 

Signature 
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Monitoring Well Sampling 

Procedure 3-14 

1.0 Purpose and Scope 

1.1 This standard operating procedure (SOP) describes the actions to be used during monitoring well 
sampling activities and establishes the method for sampling groundwater monitoring wells for water
borne contaminants and general groundwater chemistry. The objective is to obtain groundwater samples 
that are representative of aquifer conditions with as little alteration to water chemistry as possible. 

1 .2 This procedure is the Program-approved professional guidance for work performed by Resolution 
Consultants under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract 
(Contract Number N62470-11-D-8013). 

1 .3 As guidance for specific activities, this procedure does not obviate the need .for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 

2.1 Depending upon the site-specific contaminants, various protective programs must.be implemented prior 
to sampling the first well. All field sampling personnel responsible for sampling activities must review the 
project-specific health and safety plan (HASP) paying particular attention to the control measures 
planned for the well sampling tasks. Conduct preliminary area monitoring of sampling wells to determine 
the potential hazard to field sampling personnel. If significant contamination is observed, minimize 
contact with potential contaminants in both the vapor phase and liquid matrix through the use of of 
appropriate personal protective equipment (PPE). 

2.2 Observe standard health and safety practices according to the project-specific HASP. Suggested 
minimum protection during well sampling activities includes inner disposable vinyl gloves, outer 
chemical-protective nitrile gloves and rubberized steel-toed boots. Half-face respirators and cartridges 
and Tyvek® suits may be necessary depending on the contaminant concentrations. Refer to the project
specific HASP for the required PPE. 

2.3 Physical Hazards associated with Well Sampling 

• To avoid lifting injuries associated with pump and bailers retrieval, use the large muscles of the legs, 
not the back. 

• Stay clear of all moving equipment, and avoid wearing loose fitting clothing. 

• When using tools for cutting purposes, cut away from yourself. The use of appropriate, task specific 
cutting tools is recommended. 

• To avoid slip/trip/fall conditions as a result of pump discharge, use textured boots/boot cover 
bottoms. 

• To avoid heat/cold stress as a result of exposure to extreme temperatures and PPE, drink electrolyte 
replacement fluids (1 to 2 cups per hour is recommended) and, in cases of extreme cold, wear fitted 
insulating clothing. 

• Be aware of restricted mobility due to PPE. 
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3:0 Terms and Definitions 

None. 

4.0 Interferences 

(@)) 
RESOLUTION 
CONSULTANTS 

4.1 Potential interferences could result from cross-contamination between samples or sample locations. 
Minimization of the cross-contamination will occur through the following: 

• The use of clean sampling tools at each location as necessary. 

• Avoidance of material that is not representative of the media to be sampled. 

5.0 Training and Qualifications 

5.1 Qualifications and Training 

The individual executing these procedures must have read, and be familiar with, the requirements of this 
SOP. 

5.2 Responsibilities 

5.2.1 The Contract Task Order (CTO) Manager is responsible for ensuring that monitoring well sampling 
activities comply with this procedure. The CTO Manager is responsible for ensuring that all field 
sampling personnel involved in monitoring well sampling shall have the appropriate education, 
experience, and training to perform their assigned tasks. 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.2.3 The Field Manager is responsible for ensuring thatall field sampling personnel follow these procedures. 

5.2.4 Field sampling personnel are responsible for the implementation of this procedure. 

5.2.5 The field sampler and/or task manager is responsible for directly supervising the groundwater sampling 
procedures to ensure that they are conducted according to this procedure and for recording all pertinent 
data collected during sampling. 

6.0 Equipment and Supplies 

6.1 Purging and Sampling Equipment 

• Pump (Peristaltic, Portable Bladder, Submersible) 

• Polyethylene or Teflon bladders (for portable bladder pumps) 

• Bladder pump controller (for portable bladder pumps) 

• Air compressor (for portable bladder pumps) 

• Nitrogen cylinders (for portable bladder pumps) 

• 12-volt power source 

• Polyethylene inlet and discharge tubing (except for VOC analysis which requires Teflon tubing) 

• Silicone tubing appropriate for peristaltic pump head 

• Teflon bailer appropriately sized for well 
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• Disposable bailer string (polypropylene) 

~ 
RESOLUTION 
CONSULTANTS 

• Individual or multi-parameter water quality meter(s) with flow-through cell to measure temperature, 
pH, specific conductance, dissolved oxygen (DO), oxidation reduction potential (ORP), and/or 
turbidity 

• Turbidity meter 

• Water level meter 

• Oil/water interface probe 

6.2 General Equipment 

• Sample kit (i.e., bottles, labels, preservatives, custody records and tape, cooler, ice) 

• Sample Chain-of-Custody (COC) forms 

• Sample Collection Records 

• Sample packaging and shipping supplies 

• Waterproof marker or paint 

• Distilled/deionized water supply 

• Water dispenser bottles 

• Flow measurement cup or bucket 

• 5-gallon buckets 

• Instrument calibration solutions 

• Stopwatch or watch 

• Disposable Nitrile gloves 

• Paper towels 

• Trash bags 

• Zipper-lock bags 

• Equipment decontamination supplies 

• Health and safety supplies (as required by the HASP) 

• Approved plans such as: project-specific HASP and Sampling and Analysis Plan (SAP) 

• Well keys or combinations 

• Monitoring well location map(s) 

• Field project logbook/pen 

7 .0 Calibration or Standardization 

7.1 Field instruments will be calibrated daily according to the requirements of the SAP and manufacturer's 
specifications for each piece of equipment. Equipment will be checked daily with the calibration solutions 
at the end of use of the equipment. Calibration records shall be recorded in the field logbook or 
appropriate field form. 

7.2 If readings are suspected to be inaccurate, the equipment shall be checked with the calibration solutions 
and/or re-calibrated. 
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8.0 Procedure 
8.1 Preparation 

8.1.1 Site Background Information 

(@) 
RESOLUTION 
CONSULTANTS 

Establish a thorough understanding of the purposes of the sampling event prior to field activities. 
Conduct a review of all available data obtained from the site and pertinent to the water sampling. Review 
well history data including, but not limited to, well locations, sampling history, purging rates, turbidity 
problems, previously used purging methods, well installation methods, well completion records, well 
development methods, previous analytical results, presence of an immiscible phase, historical water 
levels, and general hydrogeologic conditions. 

Previous groundwater development and sampling logs give a good indication of well purging rates and 
the types of problems that might be encountered during sampling, such as excessive turbidity and low 
well yield. They may also indicate where dedicated pumps are placed in the water column. To help 
minimize the p9tential for cross-contamination, well purging and sampling and water level measurement 
collection shall proceed from the least contaminated to the mostcontaminated well as indicated by 
previous analytical results. This order may be changed in the field if conditions warrant it, particularly if 
dedicated sampling equipment is used. A review of prior sampling procedures and results may also 
identify which purging and sampling techniques are appropriate for the parameters to be tested under a 
given set of field conditions. 

8.1.2 Groundwater Analysis Selection 

Establish the requisite field and laboratory analyses prior to water sampling. Decide on the types and 
numbers of quality assurance/quality control (QA/QC) samples to be collected (refer to the project
specific SAP), as well as the type and volume of sample preservatives, the type and number of sample 
containers, the number of coolers required, and the quantity of ice or other chilling materials. The field 
sampling personnel shall ensure that the appropriate number and size sample containers are brought to 
the site, including extras in case of breakage or unexpected field conditions. Refer to the project-specific 
SAP for the project analytical requirements. 

8.2 Groundwater Sampling Procedures 

Groundwater sampling procedures at a site shall include: 

1) An evaluation of the well security and condition prior to sampling; 

2) Decontamination of equipment; 

3) Measurement of well depth to groundwater; 

4) Assessment of the presence or absence of an immiscible phase; 

5) Assessment of purge parameter stabilization; 

6) Purging of static water within the well and well bore; and 

7) Obtaining a groundwater sample. 

Each step is discussed in sequence below. Depending upon specific field conditions, additional steps 
may be necessary. As a rule, at least 24 hours should separate well development and well sampling 
events. In all cases, consult the State and local regulations for the site, which may require more 
stringent time separation between well development and sampling. 
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8.2.1 Well Security and Condition 

(@) 
RESOLUTION 
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At each monitoring well location, observe the conditions of the well and surrounding area. The following 
information may be noted on a Groundwater Sample Collection Record (Attachment 1) or in the field 
logbook: 

• Condition of the well's identification marker. 

• Condition of the well lock and associated locking cap. 

• Integrity of the well - well pad condition, protective outer casing, obstructions or kinks in the well 
casing, presence of water in the annular space, and the top of the interior casing. 

• Condition of the general area surrounding the well. 

8.2.2 Decontamination of Equipment 

Where possible, dedicated supplies should be used at each well location to minimize the potential for cross
contamination and minimize the amount of investigation derived waste (IDW) fluids resulting from the 
decontamination process. If decontamination is necessary, establish a decontamination station before 
beginning sampling. The station shall consist of an area of at least 4 feet by 2 feet covered with plastic 
sheeting and be loeated upwind of the well being sampled. The station shall be large enough to fit the 
appropriate number of wash and rinse buckets, and have sufficient room to place equipment after 
decontamination. One central cleaning area may be used throughout the entire sampling event. The area 
around the well being sampled shall also be covered with plastic sheeting to prevent spillage. Further details 
are presented in SOP 3-06, Equipment Decontamination. 

Decontaminate each piece of equipment prior to entering the well. Also, conduct decontamination prior to 
sampling at a site, even if the equipment has been decontaminated subsequent to its last usage. 
Additionally, decontaminate each piece of equipment used at the site prior to leaving the site. It is only 
necessary to decontaminate dedicated sampling equipment prior to installation within the well. Do not 
place clean sampling equipment directly on the ground or other contaminated surfaces prior to insertion 
into the well. Dedicated sampling equipment that has been certified by the manufacturer as being 
decontaminated can be placed in the well without on-site decontamination. 

8.2.3 Measurement of Static Water Level Elevation 

Before purging the well, measure water levels in all of the wells within the zone of influence of the well 
being purged. The best practice, if possible, is to measure all site wells (or wells within the monitoring 
well network) prior to sampling. If the well cap is not vented, remove the cap several minutes before 
measurement to allow water levels to equilibrate to atmospheric pressure. 

Measure the depth to standing water and the total depth of the well to the nearest 0.01 foot to provide 
baseline hydrologic data, to calculate the volume of water in the well, and to provide information on the 
integrity of the well (e.g., identification of siltation problems). If not already present, mark an easily 
identified reference point for water level measurements which will become the measuring point for all 
water level measurements. This location and elevation must be surveyed. 

The device used to measure the water level surface and depth of the well shall be sufficiently sensitive 
and accurate in order to obtain a measurement to the nearest 0.01 foot reliably. An electronic water level 
meter will usually be appropriate for this measurement; however, when the groundwater within a 
particular well is highly contaminated, an inexpensive weighted tape measure can be used to determine 
well depth to prevent adsorption of contaminants onto the meter tape. The presence of light, non
aqueous phase liquids (LNAPLs) and/or dense, non-aqueous phase liquids (DNAPLs) in a well requires 
measurement of the elevation of the top and the bottom of the product, generally using an interface 
probe. Water levels in such wells must then be corrected for density effects to accurately determine the 
elevation of the water table. 
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At each location, measure water levels several times in quick succession to ensure that the well has 
equilibrated to atmospheric conditions prior to recording the measurement. As stated above: measure all 
site wells (or wells within the monitoring well network) prior to sampling whenever possible. This will 
provide a water level database that describes water levels across the site at one time (a synoptic 
sampling). Prior to sampling, measure the water level in each well immediately prior to purging the well to 
ascertain that static conditions have been achieved prior to sampling. 

8.2.4 Detection of Immiscible Phase Layers 

Complete the following steps for detecting the presence of LNAPL and DNAPL before the well is purged 
for conventional sampling. These procedures may not be required for all wells. Consult the project
specific SAP to determine if assessing the presence of LNAPL and/or DNAPL is necessary. 

1) Sample the headspace in the wellhead immediately after the well is opened for organic vapors 
using either a PID or an organic vapor analyzer, and record the measurements. 

2) Lower an interface probe into the well tci determine the existence of any immiscible layer(s), 
LNAPL and/or DNAPL, and record the measurements. 

3) Confirm the presence or absence of an immiscible phase by slowly lowering a clear bailer to the 
appropriate depth, then visually observing the results after sample recovery. 

4) In rare instances, such as when very viscous product is present, it may be necessary to utilize 
hydrocarbon- and water-sensitive pastes for measurement of LNAPL thickness. This is 
accomplished by smearing adjacent, thin layers of both hydrocarbon- and water-sensitive 
pastes along a steel measuring tape and inserting the tape into the well. An engineering tape 
showing tenths and hundredths of feet is required. Record depth to water, as shown by the 
mark on the water-sensitive paste, and depth to product. as shown by the mark on the product
sensitive paste. In wells where the approximate depth to water and product thickness are not 
known, it is best to apply both pastes to the tape over a fairly long interval (5 feet or more). 
Under these conditions, measurements are obtained by trial and error and may require several 
insertions and retrievals of the tape before the paste-covered interval of the tape encounters 
product and water. ln wells where approximate depths of air-product and product-water 
interfaces are known, pastes may be applied over shorter intervals. Water depth measurements 
should not be used in preparation of water table contour maps until they are corrected for 
depression by the product. 

5) If the well contains an immiscible phase, it may be desirable to sample this phase separately. 
Section 8.2.6 presents immiscible phase sampling procedures. It may not be meaningful to 
conduct water sample analysis of water obtained from a well containing LNAPLs or DNAPLs. 
Consult the CTO Manager and Program Quality Manager if this situation is encountered. 

8.2.5 Purging Equipment and Use 

General Requirements 

The wa.ter present in a well prior to sampling may not be representative of in situ groundwater quality and 
shall be removed prior to sampling. Handle all groundwater removed from potentially contaminated wells 
in accordance with the IDW handling procedures in SOP 3-05, IDW Management. Purging shall be 
accomplished by methods as indicated in the project-specific SAP or by those required by State 
requirements. For the purposes of this SOP, purging methods will be described by removing 
groundwater from the well using low-flow techniques. 

According to the U.S. Environmental Protection Agency (EPA) (EPA, 1996), the rate at which 
groundwater is removed from the well during purging ideally should be less than 0.2 to 0.3 liters/minute. 
EPA further states that wells should be purged at rates below those used to develop the well to prevent 
further development of the well, to prevent damage to the well, and to avoid disturbing accumulated 
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corrosion or reaction products in the well. EPA also indicates that wells should be purged at or below 
their recovery rate so that migration of water in the formation above the well screen does not occur. 

Realistically, the purge rate should be low enough that substantial drawdown in the well does not occur 
during purging. In addition, a low purge rate will reduce the possibility of stripping volatile organic 
compounds (VOCs) from the water, and will reduce the likelihood of increasing the turbidity of the sample 
due to mobilizing colloids in the subsurface that are immobile under natural flow conditions. 

The field sampler shall ensure that purging does not cause formation water to cascade down the sides of 
the well screen. Wells should not be purged to dryness if recharge causes the formation water to 
cascade down the sides of the screen, as this will. cause an accelerated loss of volatiles. This problem 
should be anticipated based on the results of either the well development task or historical sampling 
events. In general, place the intake of the purge pump in the middle of the saturated screened interval 
within the well to allow purging and at the same time minimize disturbance/overdevelopment of the 

. screened interval in the well. Water shall be purged from the well at a rate that does not cause recharge 
water to be excessively agitated unless an extremely slow recharging well is encountered where 
complete evacuation is unavoidable. During the well purging procedure, collect water level and/or 
product level measurements to assess the hydraulic effects of purging. Sample the well when it recovers 
sufficiently to provide enough water for the analytical parameters specified. If the well is purged dry, 
allow the well to recover sufficiently to provide enough water for the specified analytical parameters, and 
then sample it. 

Evaluate water samples on a regular basis during well purging and analyze them in the field preferably 
using in-line devices (i.e., flow through cell) for temperature, pH, specific conductivity, dissolved oxygen 
(DO), and oxidation-reduction (redox) potential. Turbidity should be measured separately (outside of the 
flow-through cell) with a nephelometer or similar device. 

Readings should be taken every 2 to 5 minutes during the purging process. These parameters are 
measured to demonstrate that the natural character of the formation waters has been restored. 

Purging shall be considered complete per the requirements set forth in the project-specific SAP, State 
requirements, or when three consecutive field parameter measurements of temperature, pH, specific 
conductivity, DO and ORP stabilize within approximately 10 percent and the turbidity is at or below 10 
nephelometric turbidity units (NTU) or within ± 10% if above 10 NTU. This criterion may not be 
applicable to temperature if a submersible pump is used during purging due to the heating of the water 
by the pump motor. Enter all information obtained during the purging and sampling process into a 
groundwater sampling log. Attachment 1 shows an example of a groundwater sampling log and the 
information typically included in the form. Whatever form is used, all blanks need to be completed on the 
field log during field sampling. 

Groundwater removed during purging shall be stored according to the project-specific SAP or per SOP 3-
05, IDW Management. 

Purging Equipment and Methods 

Submersible Pump 

A stainless steel submersible pump may be utilized for purging both shallow and deep wells prior to 
sampling the groundwater for semivolatile and non-volatile constituents, but are generally not preferred 

· for VOCs unless there are no other options (e.g., well over 200 feet deep). For wells over 200 feet deep, 
the submersible pump is one of the few technologies available to feasibly accomplish purging under any 
yield conditions. For shallow wells with low yields, submersible pumps are generally inappropriate due to 
overpumpage of the wells (<1 gallon per minute), which causes increased aeration of the water within 
the well. 

Steam clean or otherwise decontaminate the pump and discharge tubing prior to placing the pump in the 
well. The submersible pump shall be equipped with an anti-backflow check valve to limit the amount of . 
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water that will flow back down the drop pipe into the well. Place the pump in the middle of the saturated 
screened interval within the well and maintain it in that position during purging. 

Bladder Pump 

A stainless steel bladder pump can be utilized for purging and sampling wells up to 200 feet in depth for 
volatile, semivolatile, and non-volatile constituents. Use of the bladder pump is most effective in low to 
moderate yield wells and are often the preferred method for low-flow sampling. When sampling for VOCs 
and/or SVOCs, Teflon bladders should be used. Polyethylene bladders may be used when sampling for 
inorganics. 

Either compressed dry nitrogen or compressed dry air, depending upon availability, can operate the 
bladder pump. The driving gas utilized must be dry to avoid damage to the bladder pump control box. 
Decontaminate the bladder pump prior to use. 

Centrifugal, Peristaltic, or Diaphragm Pump 

A centrifugal, peristaltic, or diaphragm pump may be utilized to purge a well if the water level is within 20 
feet of ground surface. New or dedicated tubing is inserted into the midpoint of the saturated screened 
interval of the well. Water should be purged at a rate that satisfies low-flow requirements (i.e., does not 
cause drawdown). Centrifugal, peristaltic, or diaphragm pump are generally discouraged for voes 
sampling; however, follow methods allowed per the project-specific SAP or State requirements. 

Air Lift Pump 

Airlift pumps are not appropriate for purging or sampling. 

Bailer 

Avoid using a bailer to. purge a well because it can result in overdevelopment of the well and create 
excessive purge rates. If a bailer must be used, the bailer should either be dedicated or disposable. 
Teflon-coated cable mounted on a reel is recommended for lowering the bailer in and out of the well. 

Lower the bailer below the water level of the well with as little disturbance of the water as possible to 
minimize aeration of the water in the well. One way to gauge the depth of water on the reel is to mark the 
depth to water on the bailer wire with a stainless steel clip. In this manner, less time is spent trying to 
identify the water level in the well. 

8.2.6 Monitoring Well Sampling Methodologies 

Sampling Light. Non-Aqueous Phase Liquids (LNAPL) 

Collect LNAPL, if present, prior to any purging activities. The sampling device shall generally consist of a 
dedicated or disposable bailer equipped with a bottom-discharging device. Lower the bailer slowly until 
contact is made with the surface of the LNAPL, and to a depth less than that of the immiscible fluid/water 
interface depth as determined by measurement with the interface probe. Allow the bailer to fill with 
LNAPL and retrieve it. 

When sampling LNAPLs, never drop bailers into a well and always remove them from the well in a 
manner that causes as little agitation of the sample as possible. For example, the bailer should not be 
removed in a jerky fashion or be allowed to continually bang against the well casing as it is raised. Teflon 
bailers should always be used when sampling LNAPL. The cable used to raise and lower the bailer shall 
be composed of an inert material (e.g., stainless steel) or coated with an inert material (e.g., Teflon). 

Sampling Dense. Non-Aqueous Phase Liquids (DNAPL) 

Collect DNAPL prior to any purging activities. The best method for collecting DNAPL is to use a double
check valve, stainless steel bailer, or a Kemmerer (discrete interval) sampler. The sample shall be 
collected by slow, controlled lowering of the bailer to the bottom of the well, activation of the closing 
device, and retrieval. 
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· Groundwater Sampling Methodology 

(@) 
RESOLUTION 
CONSULTANTS 

The well shall be sampled when groundwater within it is representative of aquifer conditions per the 
methods _described in Section 8.2.5. Prior to sampling the flow-through cell shall be removed and the 
samples collected directly from the purge tubing. Flow rates shall not be adjusted once aquifer 
conditions are met. Additionally, a period of no more than 2 hours shall elapse between purging and 
sampling to prevent groundwater interaction with the casing and atmosphere. This may not be possible 
with a slowly recharging well. Measure and record the water level prior to sampling in order to monitor 
drawdown when using low-flow techniques and gauge well volumes removed and recharged when using 
non-low-flow techniques. · 

Sampling equipment (e.g., especially bailers) shall never be dropped into the well, as this could cause 
aeration of the water upon impact. Additionally, the sampling methodology utilized shall allow for the 
collection of a groundwater sample in as undisturbed a condition as possible, minimizing the potential for 
volatilization or aeration. This includes minimizing agitation and aeration during transfer to sample 
containers, minimizing exposure to sunlight, and immediately placing the sample on ice once collected. 

Sampling equipment shall be constructed of inert material. Equipment with neoprene fittings, polyvinyl 
chloride (PVC) bailers, Tygon® tubing, silicon rubber bladders, neoprene impellers, polyethylene, and 
Viton® are not acceptable when sampling for organics. If bailers are used, an inert cable/chain (e.g., 
fluorocarbon resin-coated wire or stainless steel wire or cable) shall be used to raise and lower the bailer. 
Dedicated equipment is highly recommended for all sampling programs. 

Submersible Pumps 

The submersible pump must be specifically designed for groundwater sampling (i.e., pump composed of 
stainless steel and Teflon, sample discharge lines composed of Teflon) and must have a controller 
mechanism allowing the required low-flow rate. Adjust the pump rate so that flow is continuous and does 
not pulsate to avoid aeration and agitation within the sample discharge lines. Run the pump for several 
minutes at the low-flow rate used for sampling to ensure that the groundwater in the lines was obtained 
at the low-flow rate. 

Bladder Pumps 

A gas-operated stainless steel bladder pump with adjustable flow control and equipped with a Teflon 
bladder and Teflon-lined tubing can be effectively utilized to collect a groundwater sample and is 
considered to be the best overall device for sampling inorganic and organic constituents. If only 
inorganics are being sampled, polyvinyl bladders and tubing may be used. Operate positive gas 
displacement bladder pumps in a continuous manner so that they minimize discharge pulsation that can 
aerate samples in the return tube or upon discharge. 

When using a compressor, take several precautions. If the compressor is being powered by a gasoline 
generator, position the generator downwind of the well. Ground fault circuit interrupters (GFCls) should 
always be used when using electric powered equipment. Do not connect the compression hose from the 
compressor to the pump controller until after the engine has been started. 

When all precautions are completed and the compressor has been started, connect the compression 
hose to the pump controller. Slowly adjust the control knobs to discharge water in t~e shortest amount of 
time while maintaining a near constant flow. This does not mean that the compressor must be set to 
discharge the water as hard as possible. The optimal setting is one that produces the largest volume of 
purge water per minute (not per purge cycle) while maintaining a near constant flow rate. 

Prior to sampling, adjust the flow rate (purge rate) to yield 100 to 300 ml/minute. Avoid settings that 
produce pulsating streams of water instead of a steady stream if possible. Operate the pump at this low 
flow rate for several minutes to ensure that drawdown is not occurring. At no time shall the sample flow 
rate exceed the flow rate used while purging. 
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(®) 
RESOLUTION 
CONSULTANTS 

For those samples requiring filtration, it is recommended to use an in-line high capacity filter after all non
filtered samples have been collected. 

Peristaltic Pumps: 

A peristaltic pump is a type of positive displacement pump that moves water via the process of 
peristalsis. The pump uses a flexible hose fitted inside a circular pump casing. A rotor with cams 
compresses the flexible tube as the rotor turns, which forces the water to be pumped to move through 
the tube. In peristaltic pumps, no moving parts of the pump are in contact with the water being pumped. 
Displacement is determined by tube size, so delivery rate can only be changed during operation by 
varying pump speed. Peristaltic pumps are simple and quite inexpensive for the flow rates they provide. 

There are several methods available for transferring the sample into the laboratory containers. The 
selected method may vary based on State requirements and should be documented in the project
specific SAP. Samples typically can be collected directly from the discharge end of the Teflon tubing, 
after it has been disconnected from the flow through cell. For volatile analyses, the sampler should make 
sure that the pump is set such that a smooth laminar flow is achieved. In all cases, the projeCt team 
should consult their local regulatory requirements and document the selected sample collection 
procedure in the project-specific SAP. 

Bailers 

A single- or double-check valve Teflon or stainless steel bailer equipped with a bottom discharging 
device can be utilized to collect groundwater samples. Bailers have a number of disadvantages, 
however, including a tendency to alter the chemistry of groundwater samples due to degassing, 
volatilization, and aeration; the possibility of creating high groundwater entrance velocities; differences in 
operator techniques resulting in variable samples; and difficulty in determining where in the water column 
the sample was collected. Therefore, use bailers for groundwater sampling only when other types of 
sampling devices cannot be utilized for technical, regulatory, or logistical reasons. 

Dedicated or disposable bailers should always be used in order to eliminate the need for 
decontamination and to limit the potential of cross.-contamination. Each time the bailer is lowered to the 
water table, lower it in such a way as to minimize disturbance and aeration of the water column within the 
well. 

8.2.7 Sample Handling and Preservation 

Many of the chemical constituents and physiochemical parameters to be measured or evaluated during 
groundwater monitoring programs are chemically unstable and require preservation. The U.S. EPA 
document entitled, Test Methods for Evaluating Solid Waste - Physical/Chemical Methods (SW-846) 
(EPA 1997), includes a discussion of appropriate sample preservation procedures. In addition, SW-846 
provides guidance on the types of sample containers to use for each constituent or common set of 
parameters. In general, check with specific laboratory or State requirements prior to obtaining field 
samples. In many cases, the laboratory will supply the necessary sample bottles and required 
preservatives. In some cases, the field sampling personnel may add preservatives in the field. 

Improper sample handling may alter the analytical results of the sample. Therefore, transfer samples in 
the field from the sampling equipment directly into the container that has been prepared specifically for 
that analysis or set of compatible parameters as described in the project-specific SAP. It is not an 
acceptable practice for samples to be composited in a common container in the field and then split in the 
laboratory, or poured first into a wide mouth container and then transferred into smaller containers. 

Collect groundwater samples and place them in their proper containers in the order of decreasing 
volatility and increasing stability. A preferred collection order for some common groundwater parameters 
is: 

1. VOCs and total organic halogens (TOX) 
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2. Dissolved gases, total organic carbon (TOe), total fuel hydrocarbons 

3. Semivolatile organics, pesticides 

4. Total metals, general minerals (unfiltered) 

5. Dissolved metals, general minerals (filtered) 

6. Phenols 

7. Cyanide 

8. Sulfate and chloride 

9. Nitrate and ammonia 

10. Radionuclides 

(@) 
RESOLUTION 
CONSULTANTS 

When sampling for voes, collect water samples in vials or containers specifically designed to prevent 
loss of voes from the sample. The analytical laboratory performing the analysis shall provide these vials. 
Collect groundwater from the sampling device in vials by allowing the groundwater to slowly flow along 
the sides of the vial. Sampling equipment shall not touch the interior of the vial. Fill the vial above the top 
of the vial to form a positive meniscus with no overflow. No headspace shall be present in the sample 
container once the container has been capped. This can be checked by inverting the bottle once the 
sample is collected and tapping the side of the vial to dislodge air bubbles. Sometimes it is not possible to 
collect a sample without air bubbles, particularly water that has high concentrations of dissolved gasses. 
In these cases, the field sampling personnel shall document the occurrence in the field logbook and/or 
sampling worksheet at the time the sample was collected. Likewise, the analytical laboratory shall note in 
the laboratory analysis reports any headspace in the sample container(s) at the time of receipt by the 
laboratory. 

Special Handling Considerations 

In general, samples for organic analyses should not be filtered. However, high turbidity samples for PCB 
analysis may require filtering. Consult the project-specific SAP for details on filtering requirements. 
Samples shall not be transferred from one container to another because this could cause aeration or a 
loss of organic material onto the walls of the container. TOX and TOC samples should be handled in the 
same manner as voe samples. 

When collecting total and dissolved metals samples, the samples should be collected sequentially. The 
total metals sample is collected from the pump unfiltered. The dissolved metals sample is collected after 
filtering with a 0.45-micron membrane in-line filter. Allow at least 500 ml of effluent to flow through the 
filter prior to sampling to ensure that the filter is thoroughly wetted and seated in the filter capsule. If 
required by the project-specific SAP, include a filter blank for .each lot of filters used and always record 
the lot number of the filters. 

Field Sampling Preservation 

Preserve samples immediately upon collection. Ideally, sampling containers will be pre-preserved with a 
known concentration and volume of preservative. Certain matrices that have alkaline pH (greater than 7) 
may require more preservative than is typically required. An early assessment of preservation techniques, 
such as the use of pH strips after initial preservation, may therefore be appropriate. Guidance for the 
preservation of environmental samples can be found in the U.S. EPA Handbook for Sampling and 
Sample Preservation of Water and Wastewater (EPA 1982). Additional guidance can be found in other 
U.S. EPA documents (EPA 1992, 1996). 

Field Sampling Log 

A groundwater sampling log provided as Attachment 1 shall document the following: 

• Identification of well 
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• Well depth 

• Static water level depth and measurement technique 

• Presence of immiscible layers and detection method 

• Well yield 

• Purge volume and pumping rate 

• Time that the well was purged 

• . Sample identification numbers 

• Well evacuation procedure/equipment 

• Sample withdrawal procedure/equipment 

• Date and time of collection 

• Types of sample containers used 

• Preservative(s) used 

• Parameters requested for analysis 

• Field analysis data 

• Field observations on sampling event 

• Name of sampler 

• Weather conditions 

9.0 Quality Control and Assurance 

RESOLUTION 
CONSULTANTS 

9.1 Field personnel will follow specific quality assurance (QA) guidelines as outlined in the project-specific 
SAP. The goal of the QA program should be to ensure precision, accuracy, representativeness, 
completeness, and comparability in the project sampling program. 

9.2 Quality control (QC) requirements for sample collection are dependent on project-specific sampling 
objectives. The project-specific SAP will provide requirements for sample preservation and holding 
times, container types, sample packaging and shipment, as well as requirements for the collection of 
various QC samples such as trip blanks, field blanks, equipment rinse blanks, and field duplicate 
samples. 

10.0 Data and records management 

10.1 Records will be maintained in act:ordance with SOP 3-03, Recordkeeping, Sample Labelling, and Chain
of-Custody. Various forms are required to ensure that adequate documentation is made of the sample 
collection activities. These forms may include: 

• Sample Collection Records; 

• Field logbook; 

• Chain-of-custody forms; and 

• Shipping labels. 

3-14 Monitoring Well Sampling 
Revision 0 May 2012 

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET. 
12of15 



(@)) 
RESOLUTION 
CONSULTANTS 

10.2 Sample collection records (Attachment 1) will provide descriptive information for the purging process and 
the samples collected at each monitoring well. 

10.3 The field logbook is kept as a general log of activities and should not be used in place of the sample 
collection record. 

10.4 Chain-of-custody forms are transmitted with the samples to the laboratory for sample tracking purposes. 

10.5 Shipping labels are required is sample coolers are to be transported to a laboratory by a third party 
(courier service). 

11.0 Attachments or References 

Author 

Attachment 1 - Groundwater Sampling Collection Record 

ASTM Standard D5088. 2008. Standard Practice for Decontamination of Field Equipment Used at Waste 
Sites. ASTM International, West Conshohocken, PA. 2008. DOI: 10.1520/D5088-02R08. www.astm.org. 

Environmental Protection Agency, United States (EPA). 1982. Handbook for Sampling and Sample 
Preservation of Water and Wastewater. EPA-600/4-82-029. Cincinnati: EPA Office of Research and 
Development, Environmental Monitoring and Support Laboratory. 

EPA. 1992; RCRA Groundwater Monitoring Draft Technical Guidance. EPA/530/R-93/001. Office of Solid 
Waste. November. 

EPA. 1996. Ground Water Issue: Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures. 
EPA/540/S-95/504. Office of Solid Waste and Emergency Response. April. 

EPA. 1997. Test Methods for Evaluating Solid Waste, Physical/Chemical Method (SW-846). 3rd ed., 
Final Update lllA. Office of Solid Waste. Online updates at: 
http://www.epa.gov/epaoswer/hazwaste/test/new-meth.htm. 

NAVSEA T0300-AZ-PR0-010. Navy Environmental Compliance Sampling and Field Testing Procedures 
Manual. August 2009. 

SOP 3-03, Recordkeeping, Sample Labelling, and Chain-of-Custody. 

SOP 3-05, IDWManagement. 
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Attachment 1 
Groundwater Sample Collection Record 

I Well ID: 

ll£SOLU'TION 
COKStn.'J'AJllTB Groundwater Sample Collection Record 

Client: _________________ Date: _______ _ Time: Start ____ am/pm 

Project No: Finish am/pm 
Site Location: 
Weather Conds: Collector(s): 

1. WAT ER LEVEL DAT A: (measured from Top of Casing) 

a Total Well Length __ _ c. Length of Water Column ____ (a-b) Casing Diameter/Material 

b. Water Table Depth___ d Calculated Well Volume (see backJ ____ _ 

2. WELL PURGEABLE DATA 

a Purge Method:------------------------------

b. Acceptance Criteria defined (see SAP or Work Plan) 
- Minimum Required Purge Volume(@ well volumes) 
- Maximum Allowable Turbidity -mus ------
- Stabilization of parameters % 

c. Field Testing Equipment used: Make Model Serial Number 

Volume 

RESOLUTION 
CONSULTANTS 

Time Removed Temp. pH ·Spec. Cond. DO ORP Turbidity Flow Rate Drawdown Color/Odor/etc. 
(min) (gal) ( 'C ) SU. ("Siem) 

d Acceptance cnter1a pass/fail 
Has required volume been removed 
Has required turbidity been reached 
Have parameters stabilized 

If no or NIA - Explain below. 

0(rnglL) 

Yes No 

D D 
D D 
D D 

(mVJ 

NIA 
D 
D 
D 

IN T U] (m11r.iln) (m; 

(continued on back) 

3. SAMPLE COLLECTION: Method: _____________________ _ 

Sample ID Container Type No. of Containers Preservation Analysis Req. Time 

Comments ------------------------------------
Signature _________________________ Date 
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(@) 
RESOLUTION 
CONSULTANTS 

(@) 
aEBOL\1110N """"""T......, 

Purge Volume Computation 

lwe1110 

32 

28 Volume I Linear Ft. of Pipe 
ID(in) Gallon Liter 

24 Y. 0.0025 0.0097 

~ 20 
.5 

'I, 0.0057 0.0217 
y, 0.0102 0.0386 
¥. 00229 0.0869 

i 
16 "' s: 

0 
Qi 12 
4) 
u. 

1 00408 0.1544 
w. 00637 0.2413 
1 y, 0.0918 0.3475 
2 0.1632 0.6176 

2Y. 0.2550 0.9653 

8 3 0.3672 1.3900 
4 0.6528 2.4711 

4 6 14688 5.5600 

0 
0 2 3 4 5 6 8 9 10 

GaHons of water in Well 

(conbnued from front) 

Volume 
Time Removed Temp. pH Spec. Cond DO 

mg/ 

ORP Turbidity Flow Rate Drawdown Color/Odor/etc 
(mm) (ga) ( "C SI ) S-.U. ru cm) ( L) (mV) ( NTU) ( m1Jrnln) 

Signature _________________________ Date 
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Soil and Rock Classification 

Procedure 3-16 

1.0 Purpose and Scope 

(@) 
RESOLUTION 
CONSULTANTS 

1.1 The purpose of this document is to define the standard operating procedure (SOP) to thoroughly 
describe the physical characteristics of the sample and classify it according to the Unified Soil 
Classification System (USCS). 

1.2 This procedure is the Program-approved professional guidance for work performed by Resolution 
Consultants under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract 
(Contract Number N62470-11-D-8013). 

1.3 As guidance for specific activities, this procedure does not obviate the need for professional 
judgment. Deviations from this procedure while planning or executing planned activities must be 
approved in accordance with Program requirements for technical planning and review. If there are 
procedures whether it be from Resolution Consultants, state and/or federal that are not addressed 
in this SOP and are applicable to surface water sampling then those procedures may be added as 
an appendix to the project specific SAP. 

1.4 It is fully expected that the procedures outlined in this SOP will be followed. Procedural 
modifications may be warranted depending upon field conditions, equipment limitations, or 
limitations imposed by the procedure. Substantive modification to this SOP will be approved in 
advance by the Program Quality Manager. Deviations to this SOP will be documented in the field 
records. 

2.0 Safety 

2.1 Depending upon the site-specific contaminants, various protective programs must be implemented 
prior to sampling. All field sampling personnel .responsible for sampling activities must review the 
project-specific health and safety plan (HASP) paying particular attention to the control measures 
planned for the sampling tasks. Conduct preliminary area monitoring to determine the potential 
hazard to field sampling personnel. If significant contamination is observed, minimize contact with 
potential contaminants in both the vapor and liquid phase through the use of respirators and 
disposable clothing. 

2.2 In addition, observe standard health and safety practices according to the project-specific HASP. 
Suggested minimum protection during well sampling activities includes inner disposable vinyl 
gloves, outer chemical-protective nitrile gloves, rubberized steel-toed boots, and an American 
National Standards Institute-standard hard hat. Half-face respirators and cartridges and Tyvek® 
suits may be necessary depending on the contaminant concentrations, and shall always be 
available on site. 

2.3 Daily safety briefs will be conducted at the start of each working day before any work commences. 
These daily briefs will be facilitated by the Site Safety Officer (SSO) or designee to discuss the 
day's events and any potential health risk areas covering every aspect of the work to be completed. 
Weather conditions are often part of these discussions. As detailed in the HASP, everyone on the 
field team has the authority to stop work if an unsafe condition is perceived until the conditions are 
fully remedied to the satisfaction of the SSO. 

2.4 The health and safety considerations for the work associated with soil classification include: 
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~ 
RESOLUTION 
CONSULTANTS 

• At no time during classification activities are personnel to reach for debris near machinery that 
is in operation, place any samples in their mouth, or come in contact with the soils/rocks 
without the use of gloves. 

• Stay clear of all moving equipment and be aware of pinch points on machinery. Avoid wearing 
loose fitting clothing. 

• When using cutting tools, cut away from yourself. The use of appropriate, task specific cutting 
tools is recommended. 

• To avoid heat/cold stress as a results of exposure to extreme temperatures and PPE, drink 
electrolyte replacement fluids (1 to 2 cups per hour is recommended) and in case of extreme 
cold, wear insulating clothing. 

3.0 Terms and Definitions 

None. 

4.0 Interference 

None. 

5.0 Training and Qualifications 

5.1 The Contract Task Order (CTO) Manager is responsible for ensuring that the soil and rock 
classification procedures comply with this procedure. The CTO Manager is responsible for 
ensuring that all personnel involved in soil and rock classification shall have the appropriate 
education, experience, and training to perform their assigned tasks. 

5.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.3 The Field Manager is responsible for ensuring that all project field personnel follow these 
procedures. 

5.4 Field personnel are responsible for the implementation of this procedure. Minimum qualifications 
for field sampling personnel require that one individual on the field team shall have a minimum of 
6 months of experience with soil and rock classification. 

5.5 The project geologist and/or task manager is responsible for directly supervising the soil and rock 
classification procedures to ensure that they are conducted according to this procedure, and for 
recording all pertinent data collected. If deviations from the procedure are required because of 
anomalous field conditions, they must first be approved by the Program Quality Manager and then 
documented in the field logbook and associated report or equivalent document. 

6.0 Equipment and Supplies 

6.1 The following equipment list contains materials which may be needed in carrying out the 
procedures outlined in this SOP. Not all equipment listed below may be necessary for a specific 
activity. Additional equipment may be required, pending field conditions. 

• Personal protective equipment (PPE) and other safety equipment, as required by the HASP 

• Field log book. and pen with indelible ink 

• Boring log 
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• Munsell Soil Color Chart 

• Scoopula, spatula, and/or other small hand tools 

• California Sampler 

• Hand-held penetrometer 

7 .0 Calibration or Standardization 

None. 

8.0 Procedure 

8.1 Soil Classification 

(@) 
RESOLUTION 
C:ONSVLTANTS 

The basic purpose of the classification of soil is to thoroughly describe the physical characteristics 
of the sample and to classify it according to an appropriate soil classification system. The USCS 
was developed so that soils could be described on a common basis by different investigators and 
serve as a "shorthand" description of soil. A classification of a soil in accordance with the uses 
includes not only a group symbol and name, but also a complete word description. 

Describing soil on a common basis is essential so that soil described by different site qualified 
personnel is comparable. Site individuals describing soil as part of site activities must use the 
classification system described herein to provide the most useful geologic database for all present 
and future subsurface investigations and remedial activities. 

The site geologist or other qualified individual shall describe the soil and record the description in a · 
boring log, logbook, and/or electronic field data collection device. The essential items in any written 
soil description are as follows: 

• Classification group name (e.g., silty sand) 

• Color, moisture, and odor 

• Range of particle sizes and maximum particle size . 

• Approximate percentage of boulders, cobbles, gravel, sand, and fines 

• Plasticity characteristics of the fines 

• In-place conditions, such as consistency, density, and structure 

• uses classification symbol 

The USCS serves as "shorthand" for classifying soil into 1 S basic groups: 

GW1 Well graded (poorly sorted) gravel (>SO percent gravel, <Spercent fines) 

GP1 Poorly graded (well sorted) gravel (>SOpercent gravel, <Spercent fines) 

GM 1 Silty gravel (>SO percent gravel, >1 S percent silt) 

GC1 Clayey gravel (>SO percent gravel, >1S percent clay) 

SW1 Well graded (poorly sorted) sand (>SO percent sand, <S percent fines) 

SP1 Poorly graded (well sorted) sand (>SO percent sand, <S percent fines) 

1 If percentage of fine is S percent to 1 S percent, a dual identification shall be given (e.g., a soil with more than 
SO percent poorly sorted gravel and 10 percent clay is designated GW-GC. 
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SM 1 Silty sand (>50 percent sand, >15 percent silt} 

SC 1 Clayey sand (>50 percent sand, >15 percent clay) 

ML 2 Inorganic, low plasticity silt (slow to rapid dilatancy, low toughness, and plasticity) 

'®) 
RESOLUTION 
C:ONSVL T ANTS 

CL2 Inorganic, low plasticity (lean) clay (no or slow dilatancy, medium toughness and plasticity) 

MH2 Inorganic elastic silt (no to slow dilatancy, low to medium toughness and plasticity) 

CH2 Inorganic, high plasticity (fat) clay (no dilatancy, high toughness. and plasticity) 

OL Organic low plasticity silt or organic silty clay 

OH Organic high plasticity clay or silt 

PT Peat and other highly organic soil 

Figure8-1 defines the terminology of the USCS. Flow charts presented in Figure 8-2 and indicate the 
process for describing soil. The particle size distribution and the plasticity of the fines are the two 
properties of soil used for classification. In some cases, it may be appropriate to use a borderline 
classification (e.g., SC/CL) if the soil has been identified as having properties that do not distinctly 
place the soil into one group. 

8.1.1 Estimation of Particle Size Distribution 

8,1.2 

8.1.2.1 

One of the most important factors in classifying a soil is the estimated percentage ofsoil constituents 
in each particle size range. Being proficient in estimating this factor requires extensive practice and 
frequent checking. The steps involved in determining particle size distribution are listed below: 

1. Select a representative sample (approximately 1/2 of a 6-inch long by 2.5-inch diameter 
sample liner). 

2. Remove all particles larger than 3 inches from the sample. Estimate and record the percent by 
volume of these particles. Only the fraction of the sample smaller than 3 inches is classified. 

3. Estimate and record the percentage of dry mass of gravel (less than 3 inches and greater than 
1/4 inch}. · 

4. Considering the rest of the sample, estimate, and record the percentage of dry mass of sand 
particles (about the smallest particle visible to the unaided eye). 

5. Estimate and record the percentage of dry mass of fines in the sample (do not attempt to 
separate silts from clays). 

6. Estimate percentages to the nearest 5 percent. If one of the components is present in a 
quantity considered less than 5 percent, indicate its presence by the term "trace". 

7. The percentages of gravel, sand, and fines must add up to 100 percent. "Trace" is not included 
in the 100 percent total. 

Soil Dilatancy, Toughness, and Plasticity 

Dilatancy 

To evaluate dilatancy, follow these procedures: 

2 If the soil is estimated to have 15 percent to 25 percent sand or gravel, or both, the words "with sand" or "with· 
gravel" (whichever predominates) shall be added to the group name (e.g., clay with sand, CL; or silt with gravel, 
ML). If the soil is estimated to have 30 percent or more sand or gravel, or both, the words "sandy" or "gravely" 
(whichever predominates) shall be added to the group name (e.g., sandy clay, CL}. If the percentage of sand is 
equal to the percent gravel, use "sandy." 
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8.1.2.2 

(@) 
RESOLUTION 
C:ONSVLTANTS 

1. From the specimen, select enough material to mold into a ball about 1/2 inch (12 millimeters 
[mm]) in diameter. Mold the material, adding water if necessary, until it has a soft, but not sticky, 
consistency. 

2. Smooth the soil ball in the palm of one hand with the blade of a knife or small spatula. Shake 
horizontally, striking the side of the hand vigorously against the other hand several times. Note 
the reaction of water appearing on the surface of the soil. Squeeze the sample by closing the 
hand or pinching the soil between the fingers, and note the reaction as hone, slow, or rapid in 
accordance with the criteria in Table 8-1. The reaction is the speed with which water appears 
while shaking, and disappears while squeezing. 

Table 8-1: Criteria for Describing Dilatancy 

Description 

None 

Slow 

Rapid 

Toughness 

Criteria 

No visible chanQe in soecimen. 
Water appears slowly on the surface of the specimen during shaking and does not 
disappear or disaooears slowly uo6n soueezino. 
Water appears quickly on the surface of the specimen during shaking and disappears 
quickly upon soueezinQ. 

Following the completion of the dilatancy test, shape the test specimen into an elongated pat and roll 
it by hand on a smooth surface or between the palms into a thread about 1/8 inch (3 mm) in 
diameter. {If the sample is too wet to roll easily, spread it into a thin layer and allow it to lose some 
water by evaporation.) Fold the sample threads and re-roll repeatedly until the thread crumbles at a 
diameter of about 1/8 inch. The thread will crumble at a diameter of 1/8 inch when the soil is near the 
plastic limit. Note the pressure required to roll the thread near the plastic limit. Also, note the strength 
of the thread. After the thread crumbles, lump the pieces together and knead it until the lump 
crumbles. Note the toughness of the material during kneading. Describe the toughness of the thread 
and lump as low, medium, or high in accordance with the criteria in Table 8-2. 

Table 8-2: Criteria for Describing Toughness 

Descriotion Criteria 

Low Only slight pressure is required to roll the thread near the plastic limit. The thread and 
the lump are weak and soft. 

Medium Medium pressure is required to roll the thread near the plastic limit. The thread and the 
lump have medium stiffness. 

High Considerable pressure is required to roll the thread near the plastic limit. The thread 
and the lump have verv hiQh stiffness. 
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DEFINITION OF TERMS 

MAJOR DIVISIONS SYMBOLS TYPICAL DESCRIPTIONS 

CLEAN .... 
GW Well graded gravels, gravel-sand mixtures. little or no fines GRAVELS GRAVELS ~··; More Than (Less than 

cn- Half of pc 0 • 

Poorly graded gravels, gravel-sand mixtures, little or no fines 
=!·~o Coarse 

6% Fines) 
·" :i a " GP 

0 <PO Fraction is ~'!9 d' Silty gravels, gravel-sand-silt mixtures, non-plastic fines U) (;jN t~1\ ' GM 
c::! o Smaller Than GRAVELS ;1:'J'r (!i. 
l&l(;Z '3 No. 4 Sieve W~h Fines /'{//_./; ~~ i® GC Clayey gravels, gravel-sand-clay mixtures. plastic fines 
~<a.cm 

-(.•::/'<<'. 
::c 1-- > CLEAN ·.;.o:o'o Well graded sands, gravelly sands, little or no fines " c: ..... !!? SW 

W OI CU(IJ SANDS SANDS 
• : 0 •• ~ 

• 0 cn .c 2' More Than (less than ... 
ai: I- "' Half of 6% Fines) .... SP Poorly graded sands. gravelly sands, litUe or no fines 
.( ~ ...J ... . . . . 
0 o.!!! Coarse 
u::! Fraction is SM Silty sands, sand-silt mixture5. non-plastic fines 

Smaller Than SANDS 
No. 4 Sieve With Fines /. • SC Clayey sands, sand-clay mixtures, plastic fines /// 

,...._ 
ML 

Inorganic s11ts, rock nour, fine sandy sms or ciays, and clayey silts 

"'~o 
,...._ with non- or slighdy-plastic fines 

..J epO SILTS AND CLAYS 

~~ 
1norgan1c ctays 01 1ow to meu1um p1asncity. grave1iy ctays. snty Clays, Q (;j N Liquid Limit is CL 

cn::!O sandy clays, lean clays 

co~-~ Less Than 50% 

II I W:o:: OIC/l OL Organic silts and organic silty clays of low plasticity 

;!!;~~ !l? Inorganic silts, micaceous or dlatomaceous fine sandy or silty soils, ~ ~cu MH c Cl>·- elastic silts, clayey silt C> ! 'iij (/) SILTS AND CLAYS wt--·E 
Liquid Limit is 

i 
CH inorganic clays of high plasticity. fat clays z cu(/) 

EL ~ cn Greater Than 50% :::=·-
OH Organic clays of medium to high plasticity, organic silts· 

HIGHLY ORGANIC SOILS PT Peat and other highly organic soils 

GRAIN SIZES 

I SAND I GRAVEL 
: COBBLES I BOULDERS SILTS AND CLAYS 

I I I COARSE I FINE MEDIUM FINE COARSE 

200 40 10 4 3/4" 3" 12· 

U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS 

FigureB-1: Unclassified Soil Classification System (USCS) 

'5) 
RESOLUTION 
CONSVLTANTS 
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GROUP SYMBOL GROUP NAME 

CL 

________. <15% plus No. 200 ·- . ~Lean clay 
<30% plus No. 200 ~~ 15.25% plus No. 200 ~~% sand ?% of gravel -Lean clay wt sand 

<~ -..._.%sand<% of gravel-Lean clay wt gravel 
~ ~ % sand .?!% of gravek~<15% gravel Sandy lean clay 
~ .?!30% plus No. 200 <:::::::_____ ~?15% gravel Sandy lean clay wt gravel 

. ~-~%sand<% of gravel ~-~<15% sand Gravelly lean clay 

~?15% sand Gravelly lean clay wt sand 
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__........., < 15% plus No. 200 Silt 
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ML ~ · ~% sand <% of gravel .. -_.Silt wt gravel 
'"'---. _____..-__..%sand.?!% of graver-::---..:.::_-~<15% gravel ----~sandy silt 

~ .?!30% plus No. 200 <~ ~ ?15% gravel Sandy silt wt gravel 
% sand <% of graver,-~ <15% sand Gravelly sill 

~ ?15% sand Gravelly silt wt sand 

CH 

~<15% plus No. 200 Fat clay 
~ <30% plus No. 200 ~::::::-_:_ __ ~ 15.25% plus No. 200"""'·--~% sand.?!% of gravel -Fat clay wt sand 

.,--..--- ~%sand<% of gravel --»Fat clay wt gravel 
~, ~%sand.?!% ofgravel~<15% gravel -------sandy fat clay 
~ ?30% plus No. 200 <:::::::____ ~ ?15% gravel .. sandy fat clay wt gravel 

----~% sand <%of gravek:::._---. <15% sand -----~Gravelly fat clay 
-,-~?15% sand ---------~Gravelly fat clay wt sand 
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MH <_____..- -..........._~%sand<% of gravel --Elastic silt wt gravel 
~ -~ % sand.?!% of gravel~-·--.<15% gravel ------.Sandy elastic sill 

·-. ::>30% plus No .. 200 <._ ~-..?!15% gravel -----sandy elastic silt wt gravel 
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GROUP SYMBOL 

S S% fines~- Wel~raeleCI GW ____. < 15% sand 
""" -----.. l: 15% sand 

Pao<ty-91-.. GP-=::: ; ~~~ ~:'.:: 
____. fitles-ML QI MH GW-GM_ - < 

15
"' '"""' 

<
WeU·graded ~ --. ~15%sand 

10% tines fine&·CL or CH GW-GC <: ~ ~~:~ =~~ 

<
fines-ML ..-MH GP-GM <: < 15% sand 

Poorty-gradnd l: i 5% sand 

finea·CL or CH GP-GC <!; 1~~ =~ 
-==========:fitles.Mt.aMH - GM-==! ~1~~=~ 

Z:15%tir1es ~fines-CL.aCH GC______. c15%sand --. ~15"-'&&nd 

:s; ~% fawa. ~ Wei-graded SW ___. < 15% grll\lel 
• ~ -----. & 15%gravel 

POCl1ygra<lad SP -=::! : ~~~ ~;::: 

<: ~ne•·Ml. or MH SW-SM - < 15% g111vel 

<
Wivll-guuled --... l 15"% gravel 

< 15% ravel 
1Q% fines lin<IS·CL or CH SW-SC -C:: l 15% ~r•vel 

<
finoo-MLorMll SP-SM -•15'11.graVlll 

Poorty-graded -._ 2 15% gn1vel 

ftnn·CL"' CH SP-SC <: : 1 ~~ ~;::: 
-=::::::::::::=nnes-MLorMH - SM-==::::;:~~~::::: 

.l 15% Ones Hne9·CL °'CH SC .----. < 15"• gravel -l15%g18Vel 

GROUP NAME 
- W.tl111aded gravel 
--e Well·graded gravel wl sand 
______. Poorty-grai:tDCI gravel 
_. Poar1y-graded gravel wJ 8:8J1Ci 
__. Wel-sraded gra~ wdh &itt 
~ Wei.graded gravel \Ill di and·~and 
_..... Wel-gradoG gravel with clay 
- WelJ.graded gralfet w/ clay an4 tend 

----. Poorty-graded gravel w/ silt 
._. Poorty.graded gr.a."oPel wl silt and sand 
.--- Poorly·gradea gravel wJ day 
___. POOl1y·griaded gra"el wJ day at'ld "Sand 
.__.. S.ity g1a1el 
- Sil!ygravelW/$8"~ 
_____. c1eyey grav~ 
____,.. Cleyey gravel wf sand 

------- Wel~raded !and 
_____. Well.graded sand wJ gtavel 
- Poody1Jmd0<! sar.o 
- Poody1Jr&4o0 ""° w/ !1f8vel 
~ Well-graded sand with sit 
-+ Well.greded &and wJ sib and gravel 
._........ Well""9raded $and with clay 
---- Well11reded gravd wl day end sand 
___. Poorly· graded Qf&Vel w' sin 
-------. ~ly-gradttd sand wt siH and graYCI 

_.. Poarly·l:jradoo sand w/ day 
___. PclOJl~·graoeo sand w/ day and gravel 
---+Silty sand 
_____., Slty sand wl gra..-el 
__.,. Cleyey sand 
,_____..... Cleyey sand wl gravel 
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8.1.2.3 Plasticity 

(@) 
RESOLUTION 
CONSULTANTS 

The plasticity of a soil is defined by the ability of the soil to deform without cracking, the range of moisture 
content over which the soil remains in a plastic state, and the degree of cohesiveness at the plastic limit. 
The plasticity characteristic of clays and other cohesive materials is defined by the liquid limit and plastic 
limit. The liquid limit is defined as the soil moisture content at which soil passes from the liquid to the 
plastic state as moisture is removed. The test for the liquid limit is a laboratory, not a field, analysis. 

The plastic limit is the soil moisture content at which a soil passes from the plastic to the semi-solid state 
as moisture is removed. The plastic limit test can be performed in the field and is indicated by the ability to 
roll a 1 /8-inch (0.125-inch) diameter thread of fines, the time required to roll the thread, and the number of 
times the thread can be re-rolled when approaching the plastic limit. 

The plasticity tests are not based on natural soil moisture content, but on soil that has been thoroughly 
mixed with water. If a soil sample is too dry in the field, add water prior to performing classification. If a soil 
sample is too sticky, spread the sample thin and allow it to lose some soil moisture. 

Table 8-3 presents the criteria for describing plasticity in the field using the rolled thread 
method. 

Table 8-3: Criteria for Describing Plasticity 

Description \ Criteria 
Non-Plastic I A 118-inch thread cannot be rolled. 
Low Plasticity The thread can barely be rolled. 
Medium Plasticity The thread is easv to roll and not much time is reauired to reach the elastic limit. 
Hiah Plasticity It takes considerable time rollina the thread to reach the elastic limit. 

8.1.3 Angularity 

The following criteria describe the angularity of the coarse sand and gravel particles: 

• Rounded particles have smoothly-curved sides and no edges. 

• Subrounded particles have nearly planE! sides, but have well-rounded corners and edges. 

• Subangular particles are similar to angular, but have somewhat rounded or smooth edges. 

• Angular particles have sharp edges and relatively plane sides with unpolished surfaces. Freshly 
broken or crushed rock would be described as angular. 

8.1.4 Color, Moisture, and Odor 

The natural moisture content of soil is very important 
moisture condition and the criteria for each. 

Table 8~4 shows the terms for describing the 

Table 8-4: Soil Moisture Content Qualifiers 

Qualifier Criteria 

Drv Absence of moisture, drv to the touch 
Moist Dame but no visible water 
Wet Visible water, usuallv soil is below water table 

Color is described by hue and chroma using the Munsell Soil Color Chart (Munsell 2000). For uniformity, 
all site geologists shall utilize this chart for soil classification. Doing so will facilitate correlation of geologic 
units between boreholes logged by different geologists. The Munsell Color Chart is a small booklet of 
numbered color chips with names like "5YR 5/6, yellowish-red." Note mottling or banding of colors. It is 
particularly important to note and describe staining because it may indicate contamination. 
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(@) 
RESOLUTION 
CONSULTANTS 

In general, wear a respirator if strong organic odors are present. If odors are noted, describe them if they 
are unusual or suspected to result from contamination. An organic odor may have the distinctive smell of 
decaying vegetation. Unusual odors may be related to hydrocarbons, solvents, or other chemicals in the 
subsurface. An organic vapor analyzer may be used to detect the presence of volatile organic 
contaminants. 

8.1.5 In-Place Conditions 

8.1.5.1 

Describe the conditions of undisturbed soil samples in terms of their density/consistency (i.e., 
compactness}, cementation, and structure utilizing the following guidelines: 

Density/Consistency 

Density and consistency describe a physical property that reflects the relative resistance of a soil to 
penetration. The term "density" is commonly applied to coarse to medium-grained sediments (i.e., gravels, 
sands), whereas the term "consistency" is normally applied to fine-grained sediments (i.e., silts, clays). 
There are separate standards of measure for both density and consistency that are used to describe the 
properties of a soil. 

The density or consistency of a soil is determined by observing the number of blows required to drive a 1 
3/8-inch (35 mm) diameter split barrel sampler 18 inches using a drive hammer weighing 140 lbs (63.5 
kilograms [kg]) dropped over a distance of 30 inches (0.76 meters). Record the number of blows required 
to penetrate each 6 inches of soil in the field boring log during sampling. The first 6 inches of penetration 
is .considered to be a seating drive; therefore, the blow count associated with this seating drive is 
recorded, but not used in determining the soil density/consistency. The sum of the number of blows 
required for the second and third 6 inches of penetration is termed the "standard penetration resistance," 
or the "N-value." The observed number of blow counts must be corrected by an appropriate factor if a 
different type of sampling device (e.g., Modified California Sampler with liners) is used: For a 2 3/8."inch 
inner diameter (l.D.) Modified California Sampler equipped with brass or stainless steel liners and 
penetrating a cohesionless soil (sand/gravel}, the N-value from the Modified California Sampler must be 
divided by 1.43 to provide data that can be compared to the 1 3/8-inch diameter sampler data. 

For a cohesive soil (silt/clay), the N-value for the Modified California Sampler should be divided by a factor 
of 1.13 for comparison with 1 3/8-inch diameter sampler data. 

Drive the sampler and record blow counts for each 6-inch increment of penetration until one of the 
following occurs: 

• A total of 50 blows have been applied during any one of the three 6-inch increments; a 50-blow 
count occurrence shall be termed "refusal" and noted as such on the boring log. 

• A total of 150 blows have been applied. 

• The sampler is advanced the complete 18 inches without the limiting blow counts occurring, as 
described above. 

If the sampler is driven less than 18 inches, record the number of blows per partial increment on the 
boring log. If refusal occurs during the first 6 inches of penetration, the number of blows will represent 
the N-value for this sampling interval. Table 8c5 and Table 8-6 present representative 
descriptions of soil density/consistency vs. N-values. · 
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Table 8-5: Measuring Soil Density with a California Sampler - Relative Density (Sands, Gravels) 

Description 
Field Criteria (N-Value) 
1 3/8 in. ID Sampler 2 in. ID Sampler usinq 1.43 factor 

Very Loose 0-4 0-6 
Loose 4-10 6-14 
Medium Dense 10-30 14-43 
Dense 30-50 43-71 
Very Dense > 50 > 71 

Table 8-6: Measuring Soil Density with a California Sampler - Fine Grained Cohesive Soil 

Description 
Field Criteria (N-Value) 
1 3/8 in. ID Sampler 2 in. ID Sampler usinq 1.13 factor 

Verv Soft 0-2 0-2 
Soft 2-4 2-4 
Medium Stiff 4-8 4-9 
Stiff 8-16 9-18 
Very Stiff 16-32 18-36 
Hard > 32 > 36 

~ 
RESOLUTION 
CONSULTANTS 

For undisturbed fine-grained soil samples, it is also possible to measure consistency with a hand-held 
penetrometer. The measurement is made by placing the tip of the penetrometer against the surface of the · 
soil contained within the sampling liner or shelby tube, pushing the penetrometer into the soil a distance 
specified by the penetrometer manufacturer, and recording the pressure resistance reading in pounds per 
square foot (psf). The values are as follows ( Table 8-7): 

Table 8-7: Measuring Soil Consistency with a Hand-Held Penetrometer 

Description Pocket Penetrometer Reading (psD 

Verv Soft 0-250 
Soft 250-500 
Medium Stiff 500-1000 
Stiff 1000-2000 
Verv Stiff 2000-4000 
Hard >4000 

Consistency can also be estimated using thumb pressure using Table 8-8. 

Table 8-8: Measuring Soil Consistency Using Thumb Pressure 

Description 

Very Soft 
Soft 
Firm 
Hard 

Verv Hard 

3-16 Soil and Rock Classification 
Revision 0 August 2012 

Criteria 

Thumb will penetrate soil more than 1 inch (25 mm) 
Thumb will penetrate soil about 1 inch (25 mm) 
Thumb will penetrate soil about 1/4 inch (6 mm) 
Thumb will not indent soil but readilv indented with thumbnail 
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8.1.5.2 

8.1.5.3 

Cementation 

(@) 
RESOLUTION 
CONSULTANTS 

Cementation is used to describe the friability of a soil. Cements are chemical precipitates that provide 
important information as to conditions that prevailed at the time of deposition, or conversely, diagenetic 
effects that occurred following deposition. Seven types of chemical cements are recognized by Folk 
(1980). They are as follows: 

• Quartz - siliceous 

• Chert - chert-cemented or chalcedonic 

• Opal - opaline 

• Carbonate - calcitic, dolomitic, sideritic (if in doubt, calcareous should be used) 

• Iron oxides - hematitic, limonitic (if in doubt, ferruginous should be used) 

• Clay minerals - if the clay minerals are detrital or have formed by recrystallization of a previous clay 
matrix, they are not considered to be a cement. Only if they are chemical precipitates, filling previous 
pore space (usually in the form of accordion-like stacks or fringing radial crusts) should they be 
included as "kaolin-cemented," "chlorite-cemented," etc. 

• Miscellaneous minerals - pyritic, collophane-cemented, glauconite-cemented, gypsiferous, 
anhydrite-cemented, baritic, feldspar-cemented, etc. 

The degree of cementation of a soil is determined qualitatively by utilizing finger pressure on the soil in 
one of the sample liners to disrupt the gross soil fabric. The three cementation descriptors are as follows: 

• Weak - friable; crumbles or breaks with handling or slight finger pressure 

• Moderate - friable; crumbles or breaks with considerable finger pressure 

• Strong - not friable; will not crumble or break with finger pressure 

Structure 

This variable is used to qualitatively describe physical characteristics of soil that are important to 
incorporate into hydrogeological and/or geotechnical descriptions of soil at a site. Appropriate soil 
structure descriptors are as follows: 

• Granular - spherically shaped aggregates with faces that do not accommodate adjoining faces 

• Stratified - alternating layers of varying material or color with layers at least 6 mm (1/4 inch) thick; 
note thickness 

• Laminated - alternating layers of varying material or color with layers less than 6 mm (1/4 inch) 
thick; note thickness 

• Blocky - cohesive soil that can be broken down into small angular or subangular lumps that resist 
further breakdown 

• Lensed - inclusion of a small pocket of different soil, such as small lenses of sand, should be 
described as homogeneous if it is not stratified, laminated, fissured, or blocky. If lenses of different 
soil are present, the soil being described can be termed homogeneous if the description of the 
lenses is included 

• Prismatic or Columnar "7 particles arranged about a vertical line, ped is bounded by planar, vertical 
faces that accommodate adjoining faces; prismatic has a flat top; columnar has a rounded top 

• Platy - particles are arranged about a horizontal plane 

3-16 Soil and Rock Classification 
Revision 0 August 2012 Page 12 of 16 

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET. 



8.1.5.4 Other Features 

(@) 
RESOLUTION 
CONSULTANTS 

• Mottled - soil that appears to consist of material of two or more colors in blotchy distribution 

• Fissured - breaks along definite planes of fracture with little resistance to fracturing (determined by 
applying moderate pressure to sample using thumb and index finger) 

• Slickensided - fracture planes appear polished or glossy, sometimes striated (parallel grooves or 
scratches) 

8.1.6 Development of Soil Description 

8.1.6.1 

8.1.6.2 

8.1.6.3 

Develop standard soil descriptions according to the following examples. There are three principal 
categories under which all soil can be classified. They are described below. 

Coarse-grained Soil 

Coarse-grained soil is divided into sands and gravels. A soil is classified as a sand if over 50 percent of the 
coarse fraction is "sand~sized." It is classified as a gravel if over 50 percent of the coarse fraction is 
composed of "gravel-sized" particles. 

The written description of a coarse-grained soil shall contain, in order of appearance: Typical name 
including the second highest percentage constituent as an adjective, if applicable (underlined); grain size 
of coarse fraction; Munsell color and color number; moisture content; relative density; sorting; angularity; 
other features, such as stratification (sedimentary structures) and cementation, possible formational name, 
primary uses classification, secondary uses classification (when necessary), and approximate 
percentages of minor constituents (i.e., sand, gravel, shell fragments, rip-up clasts) in parentheses. 

Example: POORLY-SORTED SAND WITH SILT, medium- to coarse-grained, light olive gray, SY 
612, saturated, loose, poorly sorted, subrounded clasts, SW/SM (minor silt with 
approximately 20 percent coarse-grained sand-sized shell fragments, and 80 percent 
medium-grained quartz sand, and 5 percent to 15 percent ML). 

Fine-grained Soil 

Fine-grained soil is further subdivided into clays and silts according to its plasticity. Clays are rather plastic, 
while silts have little or no plasticity. 

The written description of a fine-grained soil should contain, in order of appearance: Typical name 
including the second highest percentage constituentas an adjective, if applicable (underlined); Munsell 
color; moisture content; consistency; plasticity; other features, such as stratification, possible formation 
name, primary uses classification, secondary uses classification (when necessary), and the percentage 
of minor constituents in parentheses. 

Example: 

Organic Soil 

SANDY LEAN CLAY, dusky red, 2.5 YR 3/2, moist. firm, moderately plastic, thinly 
laminated, CL (70 percent fines, 30 percent sand, with minor amounts of disarticulated 
bivalves [about 5 percent]). 

For highly organic soil, describe the types of organic materials present as well as the type of soil 
constituents present using the methods described above. Identify the soil as an organic soil, OUOH, if the 
soil contains enough organic particles to influence the soil properties. Organic soil usually has ad.ark 
brown to black color and may have an organic odor. Often, organic soils will change color, (e.g., from black· 
to brown) when exposed to air. Some organic soils will lighten in color significantly when air-dried. Organic 
soils normally will not have a high toughness or plasticity. The thread for the toughness test will be spongy. 

8.2 Example: ORGANIC CLAY, black, 2.5Y, 2.5/1, wet, soft, low plasticity, organic odor, OL (100 percent 
fines), weak reaction to HCI. 

8.3 Rock Classification 
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~ 
RESOLUTION 
CONSULTANTS 

The purpose of rock classification is to thoroughly describe the physical and mineralogical characteristics 
of a specimen and to classify it according to an established system. The generalized rock classification 
system described below was developed because, unlike the uses for soils, there is no universally 
accepted rock classification system. In some instances, a more detailed and thorough rock classification 
system may be appropriate. Any modifications to this classification system, or the use of an alternate 
classification system should be considered during preparation of the site work plan. Both the CTO 
Manager and the QA Manager or Technical Director must approve any modifications to this classification 
system, or the use of another classification system. 

Describing rock specimens on a common basis is essential so that rocks described by different site 
geologists are comparable. Site geologists describing rock specimens as a part of investigative activities 
must use the classification system described herein; or if necessary, another more detailed classification 
system. Use of a common classification system provides the most useful geologic database for all 
present and future subsurface investigations and remedial activities. 

In order to provide a more consistent rock classification between geologists, a rock classification 
template has been designated as shown in Error! Reference source notfound .. The template includes 
classification of rocks by origin and mineralogical composition. When classifying rocks, all site geologists 
shall use this template. 

The site geologist shall describe the rock specimen and record the description in a boring log or logbook. 
The items essential for classification include (i.e., metamorphic foliated): 

• Classification Name (i.e., schist) 

• Color 

• Mineralogical composition and percent 

• Texture/Grain size (i.e., fine-grained, pegmatitic, aphlitic, glassy) 

• Structure (i.e., foliated, fractured, lenticular) 

• Rock Quality Designation (sum of all core pieces greater than two times the diameter of the core 
divided by the total length of the core run, expressed as a percentage) 

• Classification symbol (i.e., MF) 

Example: Metamorphic foliated schist: Olive gray, SY, 3/2, Garnet 25 percent, Quartz 45 
percent, Chlorite 15 percent, Tourmaline 15 percent, Fine-grained with Pegmatite garnet, 
highly foliated, slightly wavy, MF. 

9.0 Quality Control and Assurance 

None 
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10.0 Data and Records Management 

10.1 Document soil classification information collected during soil sampling onto the field boring logs, field 
trench logs, and into the field notebook. Copies of this information shall be sent to the CTO Manager for 
the project files. 

10.2 Field notes will be kept during coring activities in accordance with SOP 3-03 - Recordkeeping, Sample 
Labeling, and Chain of Custody. The information pertinent to soil classification activities includes 
chronology of events, sample locations (x,y,z), time/date, sampler name, methods (including type of core 
liner/barrel, if applicable), sampler penetration and acceptability, sample observations, and the times and 
type of equipment decontamination. Deviations to the procedures detailed in the SOP should be 
recorded in the field logbook. 
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Headspace Screening for Total VOCs 

Procedure 3-19 

1.0 Purpose and Scope 

(@) 
RESOLUTION 
CONSULTANTS 

1.1 This standard operating procedure (SOP) describes the basic techniques for using headspace analysis to 
screen for volatile organics in contaminated soils using a portable Photo Ionization Detector (PID) or 
Flame Ionization Detector (FID). 

1.2 As guidance for specific activities, this procedure does not obviate the need for professional judgment. 
Deviations from this procedure while planning or executing planned activities must be approved in 
accordance with Program requirements for technical planning and review. 

2.0 Safety 

2.1 The health and safety considerations for the work associated with this SOP will be addressed in the 
project Health and Safety Plan (HASP). In the absence of a HASP, work will be conducted according to 
the Contract Task Order (CTO) Work Plan (WP) and/or direction from the Site Safety Officer (SSO). 
Note that headspace screening usually requires Level D personal protection unless there is a potential for 
airborne exposure to site contaminants. Under circumstances where potential airborne exposure is 
possible respiratory protective equipment may be required based on personal air monitoring results. 
Upgrades to Level C will be coordinated with the Site Safety Officer (SSO) or CTO Manager. 

2.2 Health and safety hazards and corresponding precautions include, but are not limited to, the following: 

2.2.1 Dermal contact with contaminated soil. Personnel should treat all soil as potentially contaminated and 
wear chemically impervious gloves. Minimize skin contact with soil by using sampling instruments such 
as stainless steel spades or spoons. Do not touch any exposed skin with contaminated gloves. 

2.2.2 Inhalation hazards. Appropriate air monitoring should be conducted to ensure that organic vapor 
concentrations in the breathing zone do not exceed action levels as specified in the Site-Specific HASP. 
When ambient temperatures are low enough to require warming samples using the vehicle heater, the 
vehicle's windows should be opened enough to prevent the build-up of any organic vapors. Use the PID 
or FID to verify the airborne concentrations in the vehicle remain below applicable action levels. Note 
that many volatile organic compounds (VOCs) are flammable and all precautions must be observed to 
eliminate any potential ignition sources. 

2.2.3 Shipping limitations. Follow applicable regulations when shipping FID/PID equipment. When shipping 
an FID by air, the hydrogen tank must be bled dry. Calibration gas canisters are considered darigerous 
goods and must be shipped according to IATA and DOT regulations. Consult your EHS Coordinator and 
check with your shipping company to determine the correct shipping procedures 

3.0 Terms and Definitions 
None. 

4.0 Interferences 
4.1 Regardless of which gas is used for calibration, the instrument will respond to all analytes present in the 

sample that can be detected by the type of lamp used in the PID. 

4.2 Moisture will generate a positive interference in the concentration measured for a PID and is 
characterized by a slow increase in the reading as the measurement is made. Care must be taken to 
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(@) 
RESOLUTION 
CONSULTANTS 

minimize uptake of moisture to the extent possible. Refer to the manufacturers' instructions for care, 
cleaning, and maintenance. 

4.3 Uptake of soil into the PID must. be avoided as it will compromise instrument performance by blocking 
the probe, causing a positive interference, or dirtying the PID lamp. Refer to the manufacturers' 
instructions for care, cleaning, and maintenance. 

4.4 The user should listen to the pitch of the sampling pump. Any changes in pitch may indicate a blockage 
and corrective action should be initiated. 

s.o Training and Qualifications 
5.1 Qualifications and Training 

The individual executing .these procedures must have read, and be familiar with, the requirements of this 
SOP. 

5.2 Responsibilities 

5.2.1 The CTO Manager is responsible for ensuring that the collection of headspace readings comply with this 
procedure. The CTO Manager is responsible for ensuring ttiat all personnel involved in the collection of 
headspace readings shall have the appropriate education, experience, and training to perform their 
assigned tasks. 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.2.3 The Field Manager is responsible for ensuring that all headspace readings are conducted according to 
this procedure as well as verifying that the PID/FID is in proper operating condition prior to use and for 
implementing the calibration. 

5.2.4 All Field Pers.onnel are responsible for the implementation of this procedure. 

6.0 Equipment and Supplies 
6.1 The following materials must be on hand in good operating condition and/or in sufficient quantity to 

ensure that proper field analysis procedures may be followed: 

• Calibrated PID/FID instrument; 

• Top-sealing "Zip-Loe" type plastic bags - or - 16 ounces of soil or "mason-" type glass jars and 
aluminum foil; 

• Project field book and/or boring logs; 

• Personal Protective Equipment (PPE) as specified in the project HASP; and 

• Material Safety Data Sheets (MSDSs) for any chemicals or site-specific contaminants. 

7 .O Procedure 
7 .1 Preparation 

Review available project information to determine the types of organic vapors that will likely be 
encountered to select the right instrument. The two basic types of instruments are FIDs and PIDs. 

FIDs work well with organic compounds that have relatively lightweight molecules, but may have 
problems detecting halogenated compounds or heavier organic compounds; FIDs can detect methane 
for e~ample. Since the FID uses a flame to measure organic compounds, ensure that work is conducted 
in an atmosphere, which is free of combustible vapors. If ambient temperatures are below 40°F, the 
flame of the FID may be difficult to light. 
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CONSULTANTS 

When using a PIO, select an instrument that can measure the ionization potential of the anticipated 
contaminants of concern. PIOs work well with a range of organic compounds and can detect some 
halogenated hydrocarbons; PIDs cannot detect methane. The correct ultraviolet (UV) light bulb must be 
selected according to the types of organic vapors that will likely be encountered. The energy of the UV 
light must equal or exceed the ionization potential of the organic molecules that the PID will measure. 
The NIOSH Pocket Guide to Chemical Hazards is one source for determining ionization potentials for 
different chemicals.· Bulbs available for PIDs include 9.4 eV, 10.6 (or 10.2) eV, and 11.7 eV bulbs. The 
10.6 eV bulb is most commonly used as it detects a fairly large range of organic molecules and does not 
burn out as easily as the 11.7 eV bulb. The 9.4 eV bulb is the most rugged, but detects only a limited 
range of compounds. Under very humid or very cold ambient conditions, the window covering the UV 
light may fog up, causing inaccurate readings. Ask the SSO about correction factors when high humidity 
conditions exist. 

After selecting the correct instrument, calibrate the PID/FID according to the manufacturer's instructions. 
Record background/ambient levels of organic vapors measured on the PIO/AD after calibration and 
make sure to subtract the background concentration (if any) from your readings. Check the PID/FID 
readings against the calibration standard every 20 readings or at any time when readings are suspected 
to be inaccurate, and recalibrate, if necessary. Be aware that, after measuring highly contaminated soil 
samples, the PID/AD may give artificially high readings for a time. 

7.2 Top-Sealing Plastic Bag 

Place a quantity of soil in a top-sealing plastic bag ,and seal the bag immediately. The volume of soil to 
be used should be determined by the CTO Manager or Field Manager. The volume of soil may vary 
between projects but should be consistent for all samples collected for one project. Ideally, the bag 
should be at least 1/10th-filled with soil and no more than half-filled with soil. Once the bag is sealed, 
shake the bag to distribute the soil evenly. If the soil is hard or clumpy, use your fingers to gently work 
the soil (through the bag) to break up the clumps. Do not use a sampling instrument or a rock hammer 
since this may create small holes in the plastic bag and allow organic vapors to escape. Alternatively, 
the sample may be broken up before it is placed in the bag. Use a permanent marker to record the 
following information on the outside of the bag: 

• Site identification information (i.e., borehole number); 

• Depth interval; and 

• Time the sample was collected. For example: "SS-12, 2-4 ft, @1425". 

Headspace should be allowed to develop before organic vapors are measured with a PID/FID. The 
amount of time required for sufficient headspace development will be determined by the project-specific 
sampling plan and the ambient temperature. Equilibration time should be the same for all samples to 
allow an accurate comparison of organic vapor levels between samples. However, adjustments to 
equilibration times may be necessary when there are large variations in ambient temperature from day 
to day. When ambient temperatures are below 32°F, headspace development should be within a heated 
building or vehicle. When heating samples, be sure there is adequate ventilation to prevent the build-up 
or organic vapors above action levels. 

Following headspace development, open a small opening in the seal of the plastic bag. Insert the probe 
of a PID/AD and seal the bag back up around the probe as tightly as possible. Alternatively, the probe 
can be inserted through the bag to avoid loss of volatiles. Since PIDs and FIDs are sensitive to moisture, 
avoid touching the probe to the soil or any condensation that has accumulated inside of the bag. Since 
the PID/AD consumes organic vapors, gently agitate the soil sample during the reading to release fresh 
organic vapors from the sample. Erratic meter response may occur at high organic vapor concentrations 
or conditions of elevated headspace moisture, in which case, headspace data should be discounted. 
Record the highest reading on the field form or in the field notebook as described in Section 9. 
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7.3 Jar and Aluminum Foil (Alternate Method) 

(@) 
RESOLUTION 
CONSULTANTS 

Half-fill a clean glass jar with the soil sample to be screened. Quickly cover the jar's opening with one to 
two sheets of clean aluminum foil and apply the screw cap to tightly seal the jar. Allow headspace 
development for at least ten minutes. Vigorously shake the jar for 15 seconds, both at the beginning and 
at the end of the headspace development period. Where ambient temperatures are below 32°F (0°C), 
headspace development should be within a heated area. When heating samples, be sure there is 
adequate ventilation to prevent the build-up of organic vapors above action levels. 

Subsequent to headspace development, remove the jar lid and expose the foil seal. Quickly puncture the 
foil seal with the instrument sampling probe, to a point about one-half of the headspace depth. Exercise 
care to avoid uptake of water droplets or soil particulates. As an alternative, use a syringe to withdraw a 
headspace sample, and then inject the sample into the instrument probe or septum-fitted inlet. This 
method is acceptable contingent upon verification of methodology accuracy using a test gas standard. 
Following probe insertion through the foil seal or sample injection to probe, record the highest meter 
response on the field form or in the field notebook. Using foil seal/probe insertion method, maximum 
response should.occur between two and five seconds. Erratic meter response may occur at high organic 
vapor concentrations or conditions of elevated headspace moisture, in which case, headspace data 
should be discounted. 

8.0 Quality Control and Assurance 
Quality Assurance/Quality Control (QA/QC) will include the collection of duplicate samples. In general, 
one duplicate will be collected per 20 samples. Organic vapor concentrations measured in the primary 
and duplicate samples should be similar within plus or minus 20 percent. The frequency of headspace 
duplicate collection will be determined by the project manager/task manager. The PID/FID instrument 
must be calibrated according to the manufacturer's instructions before beginning screening, and checked 
or recalibrated every 20 analyses or when readings are suspected to be inaccurate. Record ambient 
organic vapor levels in the field notebook and on the field form. Periodically check ambient organic 
vapor levels. If ambient levels have changed more than 20 percent, recalibrate the PID/FID. Make sure 
readings are not collected near a vehicle exhaust or downwind of a drill rig exhaust. If grossly 
contaminated soil is encountered, decontaminate sampling instruments between samples and/or change 
contaminated gloves to avoid cross contaminating less contaminated samples. 

9.0 Records, Data Analysis, Calculations 
9.1 All data generated (results and duplicate comparisons) will be recorded in the field notebook and/or on 

the field form. Any deviation from the outlined procedure will also be noted. Field conditions (ambient 
temperature, wind, etc.) should also be recorded in the field notebook. 

9.2 Readings may be recorded in a field notebook, on a boring log, or on an appropriate form specific to the 
project. The form should include ttie following information: 

• When the PID/FID was calibrated (date/time) and calibration standard used; 

• Background/ambient concentrations measured after PID/FID calibration; 

• Location of sample (i.e., bore-hole number); 

• Depth interval of sample measured; 

• Lithology of material measured; and 

• PID/FID reading and units of measure. 
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9.3 

9.4 

10.0 

(@) 
RESOLUTION 
CONSULTANTS 

Note that if PID/FID measurements are recorded on a boring log, it is not necessary to duplicate 
information in the column where the PID/FID readings are recorded (e.g., borehole number, depth 
interval, lithology type). 

All documentation will be stored in the project files and retained following completion of the project. 
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Operation and Calibration of a Photoionization Detector 

Procedure 3-20 

1.0 Purpose and Scope 

1.1 Purpose and Applicability 

1.1.1 This standard operating procedure (SOP) describes the procedures that will be followed by field staff for 
operation and calibration of a photoionization detector (PID). The PID is primarily used by AECOM 
personnel for safety and survey monitoring of ambient air, determining the presence of volatiles in soil 
and water, and detecting leakage of volatiles. 

1.1.2 PIDs routinely used by field personnel include the Photovac Microtip, Thermoelectron 580EZ, and 
MiniRAE 2000. Personnel responsible for using the PID should first read and thoroughly familiarize 
themselves with the instrument instruction manual. 

1.2 Principle of Operation 

1.2.1 The PID is a non-specific vapor/gas detector. The unit generally consists of a hand-held probe that 
houses a PID, consisting of an ultraviolet (UV) lamp, two electrodes, and a small fan which pulls ambient 
air into the probe inlet tube. The probe is con_nected to a readout/control box that consists of electronic 
control circuits, a readout display, ·and the system battery. Units are available with UV lamps having an 
energy from 9 .5 electron volts ( eV) to 11. 7 eV. 

1.2.2 The PID analyzer measures the concentration of trace gas present in the atmosphere by photoionization. 
Photoionization occurs when an atom or molecule absorbs a photon of sufficient energy to release an 
electron and become a positive ion. This will occur when the ionization potential of the molecule (in 
electron volts (eV)) is less than the energy of the photon. The source of photons is an ultraviolet lamp 
in the probe unit. Lamps are available with energies ranging from 9.5 eV to 11.7 eV. All organic and 
inorganic vapor/gas compounds having ionization potentials lower than the energy .output of the UV 
lamp are ionized and the resulting potentiometric change is seen as a positive reading on the unit. The 
reading is proportional to the concentration of organics and/or inorganics in the vapor. 

1.2.3 Sample gases enter the probe through the inlet tube and enter the ion chamber where they are exposed 
to the photons emanating from the UV lamp. Ionization occurs for those molecules having ionization 
potentials near to or less than that of the lamp. A positive- biased polarizing electrode causes these 
positive ions to travel to a collector electrode in the chamber. Thus the ions create an electrical current 
which is amplified and displayed on the meter. This current is proportional to the concentration of trace 
gas present in the ion chamber and to the sensitivity of that gas to photoionization. 

1.2.4 In service, the analyzer is first calibrated with a gas of known composition equal to, close to, or 
representative of that to be measured. Gases with ionization potentials near to or less than the energy 
of the lamp will be ionized. These gases will thus be detected and measured by the analyzer. Gases 
with ionization potentials greater than the energy of the lamp will .not be detected. The ionization 
potentials of the major components of air, Le., oxygen, nitrogen, and carbon dioxide, range from about 
12.0 eV to 15.6 ·eV and are not ionized by any of the lamps available. Gases with ionization potentials 
near to or slightly higher than the lamp are partially ionized, with low sensitivity. 

1.3 Specifications 

1.3.1 Refer to the manufacturer's instructions for the technical specifications of the instrument being used. 
The operating concentration range is typically 0.1 to 2,000 ppm isobutylene equivalent. 
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2.0 Safety 

(@)) 
RESOLUTION 
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2.1 The health and safety considerations for the work associated with this SOP, including both potential 
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the 
absence of a HASP, work will be conducted according to the Contract Task Order (CTO) Work Plan (WP) 
and/or direction from the Site Safety Officer (SSO). 

2.2 Only PIDs stamped Division I Class I may be used in explosive atmospheres. Refer to the project HASP 
for instructions pertaining to instrument use in explosive atmospheres. 

3.0 Terms and Definitions 

None. 

4.0 Interferences 

4.1 Regardless of which gas is used for calibration, the instrument will respond to all analytes present in the 
sample that can be detected by the type of lamp used in the PID. 

4.2 Moisture will generate a positive interference in the concentration measured for a PID and is 
characterized by a slow increase in the reading as the measurement is made. Care must be taken to 
minimize uptake of moisture to the extent possible. Refer to the manufacturers' instructions for care, 
cleaning, and maintenance. 

4.3 Uptake of soil into the PID must be avoided as it will compromise instrument performance by blocking 
the probe, causing a positive interference, or dirtying the PID lamp. Refer to the manufacturers' 
instructions for care, cleaning, and maintenance. 

4.4 The user should listen to the pitch of the sampling pump. Any changes in pitch may indicate a blockage 
and corrective action should be initiated. 

5.0 Training and Qualifications 
5.1 Qualifications and Training 

The individual executing these procedures must have read, and be familiar with, the requirements of this 
SOP. 

5.2 Responsibilities 

5.2.1 The CTO Manager is responsible for ensuring that the operation and calibration activities comply with 
this procedure. The CTO Manager is responsible for ensuring that all personnel involved in the operation 
and calibration shall have the appropriate education, experience, and training to perform their assigned 
tasks. · 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.2.3 The Field Manager is responsible for ensuring that all operation and calibration activities are conducted 
according to this procedure. 

5.2.4 All Field Personnel are responsible for the implementation of this procedure. 

6.0 Equipment and Supplies 
• Calibration Gas: Compressed gas cylinder of isobutylene in air or similar stable gas mixture of 

known concentration. The selected gas should have an ionization potential similar to that of the 
vapors to be monitored, if known. The concentration should be at 50-75% of the range in which 
the instrument is to be calibrated; 
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• Regulator for calibration gas cylinder; 

• Approximately 6 inches of Teflon® tubing; 

• Tedlar bag (optional); 

• Commercially-supplied zero grade air (optional); 

• "Magic Marker" or "Sharpie" or other waterproof marker; 

• Battery charger; 

• Moisture traps; 

• Spare lamps; 

• Manufacturer's instructions; and 

• Field data sheets or logbook/pen. 

7.0 Procedure 
7.1 Preliminary Steps 

RESOLUTION 
CONSULTANTS 

7.1.1 Preliminary steps (battery charging, check-out, calibration, maintenance) should be conducted in a 
controlled or non-hazardous environment. 

7 .2 Calibration 

7 .2.1 The PID must be calibrated in order to display concentrations in units equivalent to ppm. First a supply 
of zero air (ambient air or from a supplied source), containing no ionizable gases or vapors is used to set 
the zero point. A span gas, containing a known concentration of a photoionizable gas or vapor, is then 
used to set the sensitivity. 

7.2.2 calibrate the instrument according to the manufacturer's instructions. Record the instrument model and 
identification number, the initial and adjuSted meter readings, the calibration gas composition and 
concentration, and the date and the time in the field records. 

7.2.3 If the calibration cannot be achieved or if the span setting resulting from calibration is 0.0, then the lamp 
must be cleaned (Section 7.4). 

7 .3 Operation 

7.3.1 Turn on the unit and allow it to warm up (minimum of 5 minutes). Check to see if the intake fan is 
functioning; if so, the probe will vibrate slightly and a distinct sound will be audible when holding the 
probe casing next to the ear. Also, verify on the readout display that the UV lamp is lit. 

7.3.2 calibrate the instrument as described in Section 7.2, following the manufacturer's instructions. Record 
the calibration information in the field records. 

7.3.3 The instrument is now operational. Readings should be recorded in the field records. 

7.3.4 When the PID is not being used or between monitoring intervals, the unit may be switched off to 
conserve battery power and UV lamp life; however, a "bump" test should be performed each time the 
unit is turned on and prior to taking additional measurements. To perform a bump test, connect the 
outlet tubing from a Tedlar bag containing a small amount of span gas to the inlet tubing on the unit 
and record the reading. If the reading is not within the tolerance specified in the project plan, the unit 
must be recalibrated. 

7.3.5 At the end of each day, recheck the calibration. The check will follow the same procedures as the initial 
calibration (Section 7.2) except that no adjustment will be made to the instrument. Record the 
information in the field records. 
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7.3.6 Recharge the battery after each use (Section 7.4). 

(@) 
RESOLUTION 
CONSULTANTS 

7.3.7 When transporting, ensure that the instrument is packed in its stored condition in order to prevent 
damage. 

7.4 Routine Maintenance 

7.4.1 Routine maintenance associated with the use of the PID includes charging the battery, cleaning the lamp 
window, replacing the detector UV lamp, replacing the inlet filter, and replacing the sample pump. Refer 
to the manufacturer's instructions for procedures and frequency, 

7.4.2 All routine maintenance should be performed in a non-hazardous environment. 

7.5 Troubleshooting Tips 

7.5.1 One convenient method for periodically confirming instrument response is to hold the sensor probe next 
to the tip of a magic marker. A significant reading should readily be observed. 

7.5.2 Air currents or drafts in the vicinity of the probe tip may cause fluctuations in readings. 

7.5.3 A fogged or dirty lamp, due to operation in a humid or dusty environment, may cause erratic or 
fluctuating readings. The PID should never be operated without the moisture trap in place. 

7.5.4 Moving the instrument from a cool or air-conditioned area to a warmer area may cause moisture to 
condense on the UV lamp and produce unstable readings. 

7.5.5 A zero reading on the meter should not necessarily be interpreted as an absence of air contaminants. 
The detection capabilities of the PID are limited to those compounds that will be ionized by the particular 
probe used. 

7.5.6 Many volatile compounds have a low odor threshold. A lack of meter response in the presence of odors 
does not necessarily indicate instrument failure. 

7.5.7 When high vapor concentrations enter the ionization chamber in the PID the unit can become saturated 
or "flooded". Remove the unit to a fresh air environment to allow the vapors to be completely ionized 
and purged from the unit. 

8.0 Quality Control and Assurance 
8.1 The end use of the data will determine the quality assurance requirements that are necessary to produce 

data of acceptable quality. These quality assurance requirements will be defined in the site-specific 
workplan or Sampling and Analysis Plan (SAP), hereafter referred to as the project plan. 

8.2 Calibration of the PID will be conducted at the frequency specified in the project plan. In the absence of 
project-specific guidance, calibration will be performed at the beginning of each day of sampling and will 
be checked at the end of the sampling day or whenever instrument operation is suspect. The PID will 
sample a calibration gas of known concentration. The instrument must agree with the calibration gas 
within ±10%. If the instrument responds outside this tolerance, it must be recalibrated. 

8.3 Checks of the instrument response (Section 7.5) should be conducted periodically and documented in 
the field records. 

9.0 Records, Data Analysis, Calculations 
Safety and survey monitoring with the PID will be documented in a bound field logbook, or on 
standardized forms, and retained in the project files. The following information is to be recorded: 

• Project name and number; 

• Instrument manufacturer, model, and identification number; 
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• Operator's signature; 

• Date and time of operation; 

• Calibration gas used; 

• Calibration check at beginning and end of day (meter readings before adjustment); 

• Span setting after calibration adjustment; 

• Meter readings (monitoring data obtained); 

• Instances of erratic or questionable meter readings and corrective actions taken; and 

({+)) 
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• Instrument checks and response verifications - e.g., battery check, magic marker response 
(Section 7 .5) or similar test. 

Attachments or References 

United States Environmental Protection Agency. Env.ironmental Investigations Standard Operating 
Procedures and Quality Assurance Manual (EISOPQAM). USEPA, Region 4, SESD, Enforcement and 
Investigations Branch, Athens, GA. November 2001. 

Author Reviewer Revisions (Technical or Editorial) 

Robert Sho.emaker 
Senior Scientist 

Chris Barr 
Program Quality Manager 

Rev 0- Initial Issue (May 2012) 
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Surface and Subsurface Soil Sampling Procedures 

Procedure 3-21 

1.0 Purpose and Scope 

(@) 
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1.1 This standard operating procedure (SOP) describes the procedures for soil sampling. The procedure 
includes surface and subsurface sampling by various methods using hand auguring, test pit, direct-push, 
and split-spoon equipment. 

1.2 The procedure includes soil sampling for volatile organic compounds (VOCs). For project specific 
information (e.g. sampling depths, equipment to be used, and frequency of sampling), refer to the 
Sampling and Analysis Plan (SAP), which takes precedence over these procedures. Surface soil sampling, 
typically considered to be up to two feet below ground surface by EPA standards, is typically 
accomplished using hand tools such as shovels or hand augers. Test pit samples are considered 
subsurface samples, although normally collected via hand tools similar to surface soil sampling or by 
excavation machinery. Direct-push and split-spoon sampling offer the benefit of collecting soil samples 
from a discrete or isolated subsurface interval, without the need of extracting excess material above the 
target depth. These methods dramatically reduce time and cost associated with disposal of material from 
soil cuttings when compared to test pit sampling. In addition, direct-push and split-spoon sampling 
methods can obtain samples at targeted intervals greater than 15 feet in depth, allowing for discrete 
depth soil sampling while speeding up the sampling process. Direct-push methods work best in medium 
to fine-grained cohesive materials such as medium to fine sands, silts, and silty clay soils. Split-spoon 
sampling works well in all types of soil, but is somewhat slower than direct-push methods. Samples are 
composited so that each sample contains a homogenized representative portion of the sample interval. 
Due to potential loss of analytes, samples for volatile analysis are not composited. Samples for chemical 
analysis can be collected by any of the above-mentioned sampling methods, as disturbed soil samples. 
Undisturbed samples are collected, sealed, and sent directly to the laboratory for analysis. For 
undisturbed samples, the samples are not homogenized. 

2.0 safety 

2.1 The health and safety considerations for the work associated with this SOP, including both potential 
physical and chemical hazards, will be addressed in the project Health and Safety Plan (HASP). In the 
absence of a HASP, work will be conducted according to the Contract Task Order (CTO) Work Plan (WP) 
and/or direction from the Site Safety Officer (SSO). 

2.2 Before soil sampling commences, appropriate entities (e.g. DigSafe, local public works departments, 
company facilities) must be contacted to assure the anticipated soil sampling locations are marked for 
utilities, including electrical, telecommunications, water, sewer, and gas. 

3.0 Terms and Definitions 
None. 

4.0 Interferences 
4.1 Low recovery of soil from sampling equipment will prevent an adequate representation of the soil profile 

and sufficient amount of soil sample. If low recovery is a problem, the hole may be offset and re
advanced, terminated, or continued using a larger diameter sampler. 
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4.2 Asphalt in soil samples can cause false positive results for hydrocarbons. To ensure samples are free of 
asphalt, do not collect samples that may contain asphalt. If the collection of samples potentially 
containing asphalt is unavoidable, note the sampling depths at which the presence of asphalt are 
suspected. 

4.3 Instrumentation interferences addressed in SOPs for Calibration of the Photoionization Detector (PID), 
Headspace Screening for Total Volatile Organics, and Equipment Decontamination must also be 
considered. 

4.4 Cross contamination from sampling equipment must be prevented by using sampling equipment 
constructed of stainless steel that is adequately decontaminated between samples. 

5.0 Training and Qualifications 
5.1 Qualifications and Training 

The individual executing these procedures must have read, and be familiar with, the requirements of this 
SOP. 

5.2 Responsibilities 

5.2.1 The CTO Manager is responsible for ensuring that soil sampling activities comply with this procedure. 
The CTO Manager is responsible for ensuring that all personnel involved in soil sampling shall have the 
appropriate education, experience, and training to perform their assigned tasks. 

5.2.2 The Program Quality Manager is responsible for ensuring overall compliance with this procedure. 

5.2.3 The Field Manager is responsible for ensuring that all soil sampling activities are conducted according to 
this procedure. 

5.2.4 All Field Personnel are responsible for the implementation of this procedure. 

6.0 Equipment .and Supplies 
The depth at which samples will be collected and the anticipated method of sample collection (direct
push, split-spoon, hand auger, shovel, or test pits) will be presented in the SAP. The following details 
equipment typically needed for soil sampling, based on the various methods. See the SAP for specific 
detail of equipment and supply needs. 

6.1 Depending on the nature of suspected contamination, field screening instrumentation may be used for 
direct sampling. Appropriate instrumentation and calibration standards should be available. If volatile 
organic contaminants are suspected and a PID will be used, refer to the equipment and instrumentation 
listed in SOP 3-20 Operation and Calibration of a Photoionization Detector. Equipment in this SOP 
includes but is not limited to: 

• PID/FID; 

• Calibration gas; and 

• Tedlar® gas bags (for calibration). 

6.2 If field screening methods include jar headspace screening for volatile organics, refer to the equipment 
and procedure in SOP 3-19 Headspace Screening for Total VOCs. Equipment in this SOP includes but is 
not limited to: 

• Clean soil ("drillers jars") jars; and 

• Aluminium foil. 
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6.3 Appropriate decontamination procedures must be followed for sampling equipment. Refer to SOP 3-06 
Equipment Decontamination. Equipment in this SOP includes but is not limited to: 

• Phosphate-free detergent; 

• Isopropyl Alcohol; 

• Tap water; 

• Deionized Ultra-Filtered (DIUF) Water; 

• Plastic buckets or washbasins; 

• Brushes; and 

• Polyethylene sheeting . 

6.4 The following general equipment is needed for all soil sampling, regardless of method: 

• Stainless steel bowls; 

• Stainless steel trowels; 

• Appropriate sample containers for laboratory analysis; 

• Personal Protective Equipment (PPE); 

• Logbook; 

• Cooler and ice for preservation; and 

• Stakes and flagging to document sampling location. 

6.5 The following additional equipment is needed for volatile organic sampling: 

• Electronic pah scale and weights for calibration; and 

• Syringes or other discrete soil core samplers. 

6.6 The following additional equipment may be needed for surface and test pit soil sampling: 

• Hand Auger 

6.7 The following additional equipment may be needed for soil sampling from direct push and/or split-spoon 
equipment: 

• Tape measure or folding carpenter's rule for recording the length of soil recovered. 

Note: All subsurface drilling equipment will be provided and maintained by the subcontractor. 

7.0 Procedure 
7.1 General Soil Sampling Procedure for All Soil Sampling Methods 

7 .1.1 Record the weather conditions and other relevant on-site conditions. 

7.1.2 Select the soil sampling location, clear vegetation if necessary, and record the sampling location 
identification number and pertinent location details. 

7.1.3 Verify that the sampling equipment is properly decontaminated, in working order, and situated at the 
intended sampling location. 
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7.1.4 

7.1.5 

7.1.6 

7.1.7 

7.1.8 

7.1.9 

7.i.10 

7.1.11 

7.2 

7.2.1 
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Place polyethylene sheeting on the ground and assemble all necessary sampling equipment on top of it. 
Cover surfaces onto which soils or sampling equipment will be placed (i.e. tables with polyethylene 
sheeting). 

Follow the appropriate procedures listed below for either surface, split-spoon, direct push, or test pit 
sample collection (7.2, 7.3, 7.4, and 7.5 respectively). 

Collect soil samples according to procedures listed in Section 7.6 depending on project specific analyses .. 

Record date/time, sample ID, and sample descriptions in the field logbook or field form .. A sketch or 
description of the location may also be recorded so the sample location can be re-constructed, especially 
if the location will not be recorded using global positioning satellite (GPS) equipment. 

Immediately label the sample containers and place them on ice, if required for preservation. Complete 
the chain-of-custody form(s) as soon as possible. 

Dispose of all excess excavated soil in accordance with the SAP. 

If required, mark the sample location with a clearly labelled wooden stake or pin flag. If the location is 
on a paved surface, the location may be marked with spray paint. 

Decontaminate the sampling equipment according to SOP 3-06 Equipment Decontamination. 

Surface Sampling 

The criteria used for selecting surface soil locations for sampling may include the following: 

• Visual observations (soil staining, fill materials); 

• Other relevant soil characteristics; 

• Site features; 

• Screening results; 

• Predetermined sampling approach (i.e. grid or random); and 

• Sampling objectives as provided in the SAP. 

7.2.2 The following procedures are to be used to collect surface soil samples. Surface soils are considered to 
be soils that are up tci two feet below ground surface; though state regulations and project objectives 
may define surface soils differently; therefore, the SAP should be consulted for direction on the depth 
from which to collect the surface soil samples. Sampling and other pertinent data and information will 
be recorded in the field logbook and/or on field forms. Photographs may be taken as needed or as 
specified in the SAP. 

1. Gently scrape any_ vegetative covering until soil is exposed. Completely remove any pavement. 

2. . Remove soil from the exposed sampling area with a trowel, hand auger, or shovel. Put soils within 
the sampling interval in a stainless steel bowl for homogenizing. Monitor the breathing zone and 
sampling area as required in the HASP. 

3. For voe analyses, collect representative soil samples directly from the recently-exposed soil using 
a syringe or other soil coring device (e.g., TerraCore®, EriCore®). Follow procedures in Section 
7.6.1 for voe sampling. 

4. Collect sufficient soil to fill all remaining sample jars into a stainless steel bowl. Homogenize the 
soil samples to obtain a uniform soil composition which is representative of the total soil sample 
collected according to the following procedure: 

a) Remove all rOc:ks and non-soil objects using a stainless steel spoon or scoop. 
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b) Form a cone shaped mound with the sample material, then flatten the cone and split the 
sample into quarters. 

c) Use the stainless steel spoon/scoop to mix the quarter samples that are opposite. 

d) After mixing the opposite quarters, reform the cone shaped mound. 

e) Repeat this procedure a minimum of five (5) times, removing any non-soil objects and 
breaking apart any clumps. 

7.3 Split-:Spoon Sampling 

7.3.1 At each boring location, the frequency and depth of split-spoon samples will be determined from the 
SAP. Split-spoon samples may be collected continuously, intermittently, or from predetermined depths. 

7.3.2 Split-spoon samplers shall be driven into undisturbed soil by driving the spoon ahead of the drill 
augers/casing. In cohesive soils, or soils where the borehole remains open (does not collapse), two 
split-spoon samples may be taken prior to advancing the augers/casing. 

7.3.3 After split-spoons are retrieved, open the split-spoon and measure the recovery of soil. If a PID will be 
used for screening, immediately scan the recovered sample for voes using the PID. Scan the recovered 
soil boring by making a hole in the soil with a decontaminated trowel and placing the PID inlet very close 
to the hole. Be very careful not to get soil on the tip of the PID. Take PID readings every 6 inches along 
the split-spoon ancf/or in any areas of stained or disturbed soil. Record the highest PID reading and the 
depth at which it was observed along with all other pertinent observations. If required in the SAP, voe 
and headspace samples should be collected (see Section 7.6.1) prior to logging the sample. 

7.3.4 If headspace screening for voes is required in the SAP, collect a soil sample (as defined in the SAP) and 
perform headspace screening according to SOP 3-19 Headspace Screening for Total voes. 

7.3.5 Soils collected using the split-spoon sampler will be logged by the field representative using the 
procecfure requirecf in the SAP. 

7.3.6 Collect the remainder of the sample volume required into a stainless steel bowl. Homogenize the soil so 
the material is uniform in composition and representative of the total soil sample collected. Follow 
homogenizing techniques as described in Section 7.2. 

7.3.7 The SAP may specify that intervals to be sent to the laboratory be determined by visual observation 
and/or highest PID screening or headspace results, which can only be determined once the boring is 
complete. In this instance, a voe sample should be collected at each interval. The remainder of the soil 
from that interval will be set aside in a clearly labelled stainless steel bowl covered with aluminium foil. 
Once the boring has been completed and the sample interval. has been determined, the remainder of the 
soil can be homogenizecf according to Section 7.2 and submitted for laboratory analysis. 

7.3.8 Once a boring is complete and all requirecf samples have been collected, the boring must be completed 
as specified in the SAP (e.g., completed as a monitoring well, backfilled with bentonite, etc). 

7.4 Direct Push Sampling 

At each boring location, the frequency of direct-push samples will be determined from the SAP. Typically, 
samples with direct-push equipment are collectecf in 4 foot (ft) intervals, but smaller (e.g., 2 ft) and 
larger (e.g., 5 ft) intervals are also possible. 

1. Sample using Macro-Core samplers with acetate liners to obtain discrete soil samples at the depths 
specified in the SAP. 

2. Cut open the acetate liner. If required in the SAP, immediately scan the recovered soil boring for 
voes using a PID by making a hole in the soil with a decontaminated trowel and placing the PID 
inlet very close to the hole. Be very careful not to get soil on the tip of the PID. Take PID readings 
every 6 inches along the split-spoon and/or in any areas of stained or disturbecf soil. Record the 
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highest PID reading and the depth at which it was observed along with all other pertinent 
observations. VOC and headspace samples, if required in the SAP should be collected (see Section 
7.6.1) prior to logging the sample. 

3. If required in the SAP, collect a soil sample (as defined in the SAP) and perform headspace 
screening according to SOP 3-19 Headspace Screening for Total voes. 

4. Soils collected using the direct-push sampler will be logged by the by the field representative using 
the procedure required in the SAP. 

5. Collect the remainder of the sample into a stainless steel bowl. Homogenize the soil collected so 
that the material is uniform in composition and representative of the total soil sample collected. 
Follow homogenizing techniques as described in Section 7.2. 

6. Once a boring is complete and all required samples have been collected, the boring must be 
completed as specified in the SAP (e.g., completed as a monitoring well, backfilled with bentonite, 
etc). 

7.5 Test Pit Sampling 

7.5.1 Excavate the test pit to the desired depth. 

7.5.2 Using the excavator bucket, collect soil samples as specified in the SAP. Collect a sample and perform 
screening analyses as required by the SAP. If voes contamination is suspected, perform headspace 
screening according to SOP 3-19 Headspace Screening for Total voes. 

7.5.3 Collect the sample from center of the bucket to avoid potential contamination from the bucket. 

7.5.4 voe samples should also be collected from an undisturbed section soil in the excavator bucket. The top 
layer of exposed soil should be scraped away just prior to collecting the voe samples. 

7.5.S Collect the remainder of the sample volume required into a stainless steel bowl. Homogenize the soil so 
the material is uniform in composition and representative of the total soil sample collected. Follow 
homogenizing techniques as described in Section 7.2. 

7.5.6 Dispose of all excavated soil according to the SAP. 

7 .6 Sample Collection Methods 

7.6.1 Volatile Organics Sampling 

For soils collected for analyses of volatile organics, including Volatile Petroleum Hydrocarbons (VPH) or 
other purgable compounds, a closed system is maintained. From collection through analysis, the sample 
bottles are not opened. The bottle kit for a routine field sample for these analyses will typically include 
three 40-ml VOA vials and one soil jar. Two 40-ml VOA vials will contain either 5 ml reagent water or 
5 ml sodium bisulfate and magnetic stir bars (i.e., low level vials). The third VOA vial will contain 15 ml 
methanol with no magnetic stir bar (i.e., high level vial). These vials are usually provided by the 
laboratory and are pre-weighed, with the tare weight recorded on the affixed sample label. No 
additional sample labels are affixed to the VOA vials, as addition of a label would alter the vial weight. 
All information is recorded directly on.the sample label using an indelible marker. The soil jar is provided 
for percent solids determination. For VOC or VPH analyses, samples are collected prior to sample 
homogenization. Collect the voe sample in accordance with the procedure described below. 

1. Determine the soil volume necessary for the required sampl_e weight, typically 5 grams: 

a) Prepare a 5 ml sampling corer (e.g., Terra Core®) or cut-off plastic syringe. 

b) Tare the sampler by placing it on the scale, and zeroing the scale. 

c) Draw back the plunger to the 5 gram mark or Sml (Sec) mark on cut-off syringe, and insert 
the open end of the sampler into an undisturbed area of soil with a twisting motion, filling the 
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sampler with soil. Note the location of the plunger with respect to the milliliter (cc) or other 
graduation printed on the sampleL 

d) Weigh the filled sampler, and remove or add soil until the desired weight is obtained. Note 
the location of the plunger which corresponds to this weight. Do not use this sample for 
laboratory analysis. 

2. Once the required soil volume has been determined, pull the plunger back to this mark and hold it 
there while filling the syringe for each sample. 

3. Collect 5 grams of soil using the cut-off syringe or Terra Core® sample device. Extrude the 5-
grams of soil into one of the low level 40-ml VOA vials. Quickly wipe any soil from the threads of 
the VOA vial with a clean Kimwipe® and immediately close the vial. It is imperative that the 
threads be free from soil or other debris prior to replacing the cap on the vial in order to maintain 
the closed system necessary for the analysis. 

4. Gently swirl the vial so that all of the soil is fully wetted with the preservative. 

5. Fill the other low level 40 ml VOA vial in this manner. 

6. Repeat the process for the high level VOA vials, only for the high level VOA vial three 5 gram 
aliquots (i.e., 15 grams total) should be extruded into the high level VOA vial. 

NOTE: Depending on the laboratory, some high level VOA vials only contain 5 ml or 10 ml of 
methanol. If this is the case, either 5 grams total or 10 grams total, respectively, should 
be extruded into the high level VOA vial.. In other words, the mass of soil in grams should 
be identical to the volume of methanol in ml (i.e., 1:1 ratio of soil to methanol). 

7. Collect any additional QC sample collected (e.g., field duplicate, MS, and MSD) in the same manner 
as above. 

8. Fill the 4-oz glass jar with soil from the same area for percent moisture determination. 

7.6.2 Soil Sampling Method (All other analyses except VOC/VPH) 

When all the required soil for a sampling location has been obtained, the soil can be homogenized as 
described in section 7.2. Collect sufficient volume to fill all of the remaining sample containers at least 
3/4 full for all other analyses. Homogenize the soil in a decontaminated stainless steel bowl, removing 
rocks, sticks, or other non-soil objects and breaking apart any lumps of soil prior to filling the remaining 
sample containers. 

NOTE: Soil samples must contain greater than 30% solids for the data to be considered valid. 

8.0 Quality Control and Assurance 
8.1 Sampling personnel should follow specific quality assurance guidelines as outlined in the SAP. Proper 

quality assurance requirements should be provided which will allow for collection of representative 
samples from representative sampling points. Quality assurance requirements outlined in the SAP 
typically suggest the collection of a sufficient quantity of field duplicate, field blank, and other samples. 

8.2 Quality control requirements are dependent on project-specific sampling objectives. The SAP will provide 
requirements for equipment decontamination (frequency and materials), sample preservation and 
holding times, sample container types, sample packaging and shipment, as well as requirements for the 
collection of various quality assurance samples such as trip blanks, field blanks, equipment blanks, and 
field duplicate samples. 

3-21 Surface and Subsurface Soil Sampling Procedures 
Revision 0 May 2012 7 of 8 

PRINTED COPIES ARE UNCONTROLLED. CONTROLLED COPY IS AVAILABLE ON COMPANY INTRANET. 



9.0 Records, Data Analysis, Calculations 
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All data and information (e.g., sample collection method used) must be documented on field data 
sheets, boring logs, or within site logbooks with permanent ink. Data recorded may include the 
following: 

• Weather conditions; 

• Arrival and departure time of persons on site; 

• Instrument type, lamp (PID), make, model and serial number; 

• calibration gas used; 

• Date, time and results of instrument calibration and calibration checks; 

• Sampling date and time; 

• Sampling location; 

• Samples collected; 

• Sampling depth and soil type; 

• Deviations from the procedure as written; and 

• Readings obtained. 

10.0 Attachments or References 
SOP 3-06, Equipment Decontamination 

SOP 3-19, Headspace Screening for Total VOCs 

SOP 3-20, Operation and Calibration of a Photoionization Detector 
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Standard Operating Procedure SOP-3-24 

Water Quality Parameter Testing for Groundwater Sampling 



• Standard Operating Procedure - Water Quality Parameter Testing for Groundwater Sampling \.\!I.I Procedure Number: SOP-3~24 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~R_e_w_~_on_D._a_re_:_M._a~y~20_1_2 

1.0 PURPOSE 

This standard operating procedure (SOP) represents minimum standard of practice. State and 

federal requirements may vary, and this SOP does not replace state and federal requirements that 

must be consulted before work begins. Further, if a project-specific work plan has been created, 

the work plan should be considered the ruling document. This SOP may be modified to meet 

specific regulatory, client, or project specific criteria. 

If there are procedures whether it be from Resolution Consultants, state and/or federal that are not 

addressed in this SOP and are applicable to water quality parameter testing, then those procedures 

may be added as an appendix to the project-specific Sampling and Analysis Plan (SAP). 

2.0 SCOPE 

This procedure provides guidance for expected sampling methods and protocols by all personnel 

related to the measurement of water quality parameters. 

Field measurements of water quality parameters are commonly performed to evaluate 

surface water and groundwater. These tests are often performed to evaluate basic 

water quality parameters, to evaluate natural attenuation parameters, and to assess the presence 

of pore water entering a well. 

As professional guidance for specific activities, this procedure is not intended to obviate the need 

for professional judgment during unforeseen circumstances. Deviations from this procedure while 

planning or executing planned activities must be approved by either the Contract Task Order (CTO) 

Manager or the Quality Assurance (QA) Manager, and documented. 

3.0 DEFINmONS 

3.1 Barometric Pressure (BP) 

The density of the atmosphere, which varies according to altitude and weather conditions. 

3.2 Conductivity /Specific Conductance 

A measure of the ability of water to pass electrical current, which increases with the amount of 

dissolved ionic substances (i.e., salts). Conductivity is inversely related to the resistance of a 

solution and is measured in units of mhos per centimeter (mhos/cm) (inverse ohms/cni, 

Siemens/cm). The conductivity of water increases with increasing temperature. 
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Specific Conductance is corrected for 25 degrees Celsius { 0C}; for this reason, it is best to record 

Specific Conductance. If Conductivity is recorded, the temperature of the sample MUST recorded. 

3.3 Dissolved Oxygen (DO) 

The amount of oxygen present in water and available for respiration. DO is typically measured in 

milligrams per liter (mg/L). Oxygen is less soluble in warm and salty waters, so the instrument 

compensates the apparent percent saturation for changes in temperature and conductivity. 

Most probes measure the current resulting from the electrochemical reduction of oxygen (at a 

gold cathode) diffusing through a selective membrane. Because oxygen is being removed from the 

sample to perform the measurement, sample flow is required to prevent' false low readings due to 

depletion of oxygen in the solution in front of the probe. Optical DO probes do not remove oxygen 

from the sample and are less affected by salts. The common range of DO in groundwater is. 0.0 to 

3;0 mg/L. Measurements outside of this range suggest that the meter may not be 

operating correctly. 

3.4 Nephelometric Turbidity Unit (NTU) 

The measurement of light passing through a sample based on the scattering of light caused by 

suspended particles. 

3.5 pH 

A measure of acidity and alkalinity of a solution using a logarithmic scale on which a value of 7 

represents neutrality, lower numbers indicate increasing acidity, and higher numbers are 

increasingly basic. 

3.6 Oxidation-Reduction Potential (ORP) 

Also known as redox or eH, ORP is a measurement of the potential for a reaction to occur, 

which generally indicates the oxygen status of a sample. The probe consists of a 

platinum electrode, the potential of which is measured with respect to a reference electrode that 

rapidly equilibrates with the potential of the sample solution. A positive value indicates that oxygen 

is present. A negative value indicates an anaerobic environment or reducing condition. For 

this reason, negative ORP readings should be associated with DO readings of less than 0.5 mg/I; 

with negative ORP readings the water may exhibit a sulfur odor or gray color. Positive 

ORP readings should be associated with DO readings greater than 0.5 mg/L and lack of 

sulfur odors. Because of the complex relationship between ORP and temperature, no compensation 

is attempted; it is thus best to report both the ORP and temperature of a water sample. 
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3.7 Total Dissolved Solids 

A measure of the quantity of materials in water that are either dissolved or too small to be filtered. 

3.8 Turbidity 

Measure of the clarity of water in NTUs. Potable water typically has NTU values between 0.0 and 

0.3 NTUs, depending on the state or regulatory program. 

4.0 RESPONSIBILITIES 

The CTO Manager, or designee, is responsible for ensuring that these standard 

groundwater sampling activities are followed and shall review all groundwater sampling forms at 

the conclusion of a sampling event. The CTO Manager is responsible for ensuring that all personnel 

involved in monitoring well sampling shall have the appropriate education, experience, and training 

to perform their assigned tasks. The QA Manager or Technical Director is responsible for ensuring 

overall compliance with this procedure. The Field Manager is responsible for ensuring that 

all project field staff follows these procedures. 

Field sampling personnel are responsible for the implementation of this procedure. Personnel are 

required to be knowledgeable of the procedures in this SOP. Training and familiarization with 

this SOP shall be documented in the training file for each employee. The field sampler and/or 

Field Manager is responsible for directly supervising the calibration procedures to ensure that they 

are conducted according to this procedure, and for recording all pertinent data. If deviations from 

the procedure are required because of anomalous field conditions, they must first be approved by 

the CTO Manager, QA Manager, or Technical Director and then documented in the field logbook 

and associated report or equivalent document. 

5.0 PROCEDURES 

5.1 Purpose 

The procedures will vary depending on parameters being measured, method of sampling, and 

the method of measurement used. The information here is a general guidance and the site-specific 

documents and manufacturer manuals supersede these procedures. 

5.2 Cautions 

Improper use of water quality testing equipment could result in equipment damage or 

compromised sampling results. Personnel should be trained to operate the test equipment 

being used for a field operation and should be trained in the proper techniques for collecting and 
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logging water quality parameters. Personnel should also be able to recognize problems with 

test equipment and have someone available for basic troubleshooting and repair. 

5.3 Interferences 
During field testing, water quality data that is documented from field testing equipment may be 

influenced by certain outside factors that are unrelated to the actual site water quality. 

Such parameters and equipment include the following: 

pH Meters 

• Coatings of oils, greases, and particles may impair the electrode's response. Pat the 

electrode bulb dry with lint-free paper or cloth and rinse with de-ionized water. For cleaning 

hard-to-remove films, use isopropyl alcohol very sparingly so that the electronic surface is 

not damaged. 

• Poorly buffered solutions with low specific conductance (less than 200 microsiemens per 

centimeter) may cause fluctuations in the pH_ readings. Equilibrate electrode by immersing 

in several aliquots of sample before taking pH. 

Dissolved Oxygen 
• Dissolved gases (e.g., hydrogen sulfide, halogens, sulfur dioxide) are a factor with the 

performance of DO probes. The effect is less pronounced on optical DO meters. 

Meter type and potential interferences should be considered based on 

potential sulfate/sulfide or nitrate/nitrite reducing environments. 

• Exposure of the sample to the atmosphere will cause elevated DO measurements. 

Turbidity Meter 
• If the weather is warm and humidity is high, condensation may collect on the cuvet. 

To avoid this, allow the sample to warm and dry the outside of the cuvet before making 

the measurement. One method used to accomplish this is to place the cuvet against 

one's body (armpits work well). 

Temperature 
• Sample temperature will change rapidly when there are significant differences between the 

sample and ambient air. 
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5.4 Apparatus and Materials 

Field personnel shall consult the site work plan and SAP to review the equipment requirements for 

the sampling procedures to be followed during the sampling effort. The specific apparatus and 

materials required will depend on the water quality parameters being monitored. Table 1 shows 

the common equipment used in water quality parameter testing. 

Table 1 
Water Quality Parameter Testing - Common Equipment 

Water Quality Calibration 
Parameter Instrument Standards Required 

Yes - 2 or 3 Point Standards 
depending on groundwater range. 
calibration must cover the range to be 

pH Meter measured. If samples are above or 
below typical buffer standards (4, 7 
and 10), special order buffers that fall 
outside groundwater pH range. 

Specific Conductance Yes 

ORP Meter Yes 

Turbidity Meter Yes 

DO No 

Thermometer No 

Flow Rate No 

Notes: 
ORP Oxidation-Reduction Potential 
DO Dissolved Oxygen 

5.5 Instrument or Method Calibration 

Other Equipment 

Container or flow thru cell for holding sample 

Container or flow thru cell for holding sample 

Container or flow thru cell for holding sample 

Container or flow thru cell for holding sample 

Container or flow thru cell for holding sample 

Container or flow thru cell for holding sample 

calibrated Container 

Most monitoring instruments require calibration before use, and this calibration must be conducted 

in the field under the ambient climatic conditions that will be present during field sampling. 

Calibration of monitoring instruments shall be performed in accordance with the 

manufacturer's specifications and recorded in the provided form in Attachment L Site-specific 

instrument calibration requirements should be specified in the SAP. The following minimum 

calibration requirements apply to the various types of meters used to gather 

water quality measurements. 

Initial Calibration (IC): Before use, the instrument or meter electronics are adjusted (manually 

or automatically) to a theoretical value (e.g., DO saturation) or a known value of a 
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calibration standard. An IC is performed in pr:eparation for the first use of an instrument or if a 

calibration verification does not meet acceptance criteria. 

Initial Calibration Verification (ICV): The instrument or meter calibration is checked or 

verified directly following IC by measuring a calibration standard of known value as if it were a 

sample and comparing the measured result to the calibration acceptance criteria for the 

instrument/parameter. If an ICV fails to meet acceptance criteria, immediately recalibrate the 

instrument using the applicable initial calibration procedure or remove it from service. 

Continuing Calibration Verification (CCV): After use, the instrument or meter calibration is 

checked or verified by measuring a calibration standard of known value as if it were a sample and 

. comparing the measured result to the calibration acceptance criteria for the instrument/parameter. 

5.5.1 Calibration Checks 

Calibration checks are conducted by measuring a known standard. They must be completed 

after calibration and should be performed at least one other time (i.e., after lunch) and anytime 

suspect measurements are encountered. Table 2 provides general acceptance ranges to be used 

during calibration checks. If a meter is found to be outside of the acceptance range, the meter 

must be recalibrated. If the meter remains out of range, the project manager and/or the supplier 

of the meter should be contacted to determine alternative measures. 

Parameter 

Dissolved Oxygen 

Oxidation-Reduction Potential 

pH 

Specific Conductance 

Turbidity 

Notes: 
mg/L 
mv 

= 
= 

milligrams per liter 
millivolts 

Table 2 
Calibration Check Acceptance Limits 

Acceptance Criteria 

±0.3 mg/L of the theoretical oxygen solubility 

±10 mv from the theoretical standard value at that temperature 

±0.2 Standard pH Units 

±5% of the standard 

0.1 to 10 NTU: ±10% of the standard 
11to40 NTU: ±8% of the standard 
41 to 100 NTU: ±6.5% of the standard 

NTU = nephelometric turbidity units 
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5.5.2 Possible and Suspected Ranges 

The concentration for each parameter range should be known so that concentrations outside of the 

range can be noted. Table 3 presents the maximum range of the parameter in groundwater. 

The table also presents the suspected range. Measurements outside of the maximum/minimum 

range should be considered in error and the measurement method should be checked. 

Concentrations outside the normal range should be treated as suspect but may be the result of 

contaminant impact. For example, a pH of 2.0 would be out of the normally suspected range for 

groundwater but not at a site impacted with an acid. 

Table 3 
Minimum and Maximum Result Ranges 

Possible Possible Normal Normal 
Parameter Units Min Max Min Max Notes 

The colder the sample, the higher the DO reading. 

14.6 (0°C) 
DO greater than 1 mg/L, ORP positive should not 

Dissolved have sulfur odor, sulfide, ferrous iron 'and/or gray 
Oxygen 

mg/L 0.0 10.1 (15°C) 0.0 5 
color. 

8.3 (2°C) 

DO less than 1 mg/L, ORP negative, may have 
sulfur odor1 sulfide, ferrous iron and/or gra~ color. 

pH SU 0 14 5 9 
pH values exceeding 10 could indicate grout 
contamination 

DO greater than 1 mg/L, ORP positive should not 
have sulfur odor, sulfide, ferrous iron and/or gray 

ORP 
color. 

mv 

DO less than 1 mg/L, ORP negative, may have 
sulfur odor1 sulfide1 ferrous iron and/or gra~ color. 

Specific 
µS/cm varies varies 

Conductance 

Temeerature oc 0 100 5 30 

Greater than 
Greater 

Turbidity NTU 0 
1,000 

0 than 50 NTU or greater suggests cloudiness. 
1,000 

Notes: 
mg/L milligrams per liter 
oc = degrees Celsius 
DO dissolved oxygen 
SU standard units 
ORP oxidation reduction potential 
mv millivolts 
mS/cm micro Siemens per cm 
NTU nephelometric turbidity units 
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5.5.3 Field Instruments and Calibration Criteria 

The calibration acceptance criteria for each instrument are summarized in Table 4 along with 

special considerations related to each field instrument. 

Parameter 

. Dissolved Oxygen 

Oxidation-Reduction Potential 

pH 

Specific Conductance 

Turbidity 

milligrams per liter 
millivolts 

Table 4 
Calibration Check Acceptance Limits 

Acceptance Criteria 

±0.3 mg/L of the theoretical oxygen solubility . 

±10 mv from the theoretical standard value at that temperature. 

±0.2 Standard pH Units 

±5% of the standard 

0.1to10 NTU: ±10% of the standard 
11to40 NTU: ±8% of the standard 
41to100 NTU: ±6.5% of the standard 

Notes: 
mg/L 
mv 
NTU nephelometric turbidity units 

pH Meters 

• For the most accurate of pH measurements, pH meters should receive a 

three-point calibration. However, if a two-point calibration will bracket the gr9undwater pH 

of the site, a two-point calibration is acceptable. Three-point calibrations typically include 

calibrating to solutions of pH 7,00, 4.00, and 10.00. If groundwater pH is outside the 

calibration range of the solution standards, special buffers must be ordered to bracket 

the pH. Some meters will report the slope of the calibration and this may be used in 

checking the meter calibration (refer to the meter's manual). When performing an ICV, 

the result must be within +/- 0.2 pH units of the stated buffer value . 

. • pH meters should be calibrated across the range of values to be measured. The maximum 

and minimum calibration solutions shall be outside the range of anticipated values. 

For example, if the expected range is between 7.50 and 9.00, the 7.00 and the 

10.00 standard should be used for calibration. Perform the IC using at least two buffers, 

and always use the pH 7.00 buffer first. A reading that is above the maximum (or below 

the minimum) calibration standard is an estimate only and is not valid. This condition 

requires obtaining a new standard that is above (or below) the reported value, depending 

on the measurement. 
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• A percent slope of less than 90 percent indicates a bad electrode that must be changed 

or repaired. If percent slope cannot be determined, or the manufacturer's 

optimum specifications are different, follow the manufacturer's recommendation for 

maintaining optimum meter performance. 

Specific Conductivity Meters 

• For IC, when the sample measurements are expected to be 100 microsiemens per 

centimeter (µS/cm) or greater, use two standard potassium chloride (KCI) solutions that 

bracket the range of expected sample conductivities. Calibrate the instrument with the 

first standard. Verify the calibration of the instrument with the second standard, bracketing 

the range of expected sample values. 

• If the instrurnent can be calibrated with more than one standard, choose 

additional calibration standards within the range of expected sample values. 

• When the sample measurements are expected to be less than 100 µS/cm, a lower bracket is 

not required, but one standard (KCI) solution that is within the range of expected 

measurements must be used for the IC and the ICV. 

• Accept the calibration if the meter reads within +/- 5 percent of the value of any 

calibration standard used to verify the calibration. 

• Most field instruments read conductivity directly. Record all readings and calculations in the 

calibration records. 

• For CCV, check the meter with at least one KCI standard with a specific conductance in the 

range of conductivity measured in environmental samples. The reading for the calibration 

verification must also be within +/- 5 percent of the standard value. 

• If new environmental samples are encountered outside the range of the IC, verify the 

instrument calibration with two standards bracketing the range of sample values. If these 

calibration verifications fail, recalibrate the instrument. 
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Dissolved Oxygen Meters 

• Before calibrating, check the probe membrane for bubbles, tears, or wrinkles. These 

conditions require replacement of the membrane in accordance with the 

manufacturer's directions. 

• If the meter provides readings that are off-scale, will not calibrate, or drift, check the leads, 

contacts, etc., for corrosion and/or short circuits. These conditions require 

replacement maintenance in accordance with the manufacturer's directions. 

• Most DO meters must be calibrated based on an environment of 100 percent humidity and a 

known elevation and barometric pressure (BP). 

• For 100 percent humidity, place the probe in the calibration container with a moist towel 

and allow the probe to remain, undisturbed, for 10 to 20 minutes. 

• The IC is an air calibration at 100% saturation. Before use, verify the meter calibration in 

water-saturated air to make sure it is properly .calibrated and operating correctly. Make a 

similar verification at the end of the day or sampling event. Follow the manufacturer's 

instructions for your specific instrument. Allow an appropriate warm up period before IC. 

Wet the inside of the calibration chamber with water, pour out the excess. water (leave a 

few drops), wipe any droplets off the membrane/sensor and insert the sensor into the 

chamber (this ensures 100 percent humidity). Allow adequate time for the DO sensor and 

the air inside the calibration chamber to equilibrate. Once the probe/calibration chamber is 

stable at ambient temperature, check the air temperature and determine, from the 

DO versus temperature table (see Attachment 2) what DO should measure. The acceptance 

criterion for DO ICV is+/- 0.3 mg/L. 

• Use the same procedure as above for CCV. 

ORP Meters 

• Verify electrode response before use in the field. 

• Equilibrate the standard solution to the temperature of the sample. The standard solution is 

based on a 25°C temperature; however, the calibration solution standard's value will require 

adjustment based on the temperature. 
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• Immerse the electrodes and gently stir the standard solution in a beaker (or flow cell). 

Turn the meter on, placing the function switch in the millivolt (mv) mode. 

• Let the electrode equilibrate and record the read,ing to the nearest millivolt. The reading 

must be within ±10 mv from the theoretical redox standard value at that temperature. If 

not, determine the problem and correct it before proceeding. Switch to temperature display 

and read the value. 

• Record the mv reading and temperature in the field notebook or in form. Rinse the 

electrode with distilled water and proceed with the sample measurement, unless using a 

flow cell. If a flow cell is used, rinse between sample locations. 

Turbidity Meters 

• Perform an initial calibration using at least two primary standards. 

• If the instrument cannot be calibrated with two standards, calibrate the instrument with 

one standard and verify with a second standard. 

• Perform an ICV by reading at least one primary standard as a sample. The acceptance 

criterion for the ICV depends on the range of turbidity of the standard value: 

1. Standard Value = 0.1 to 10 NTU: the response must be within 10 percent of 

the standard; 

2. Standard Value = 11 to 40 NTU: the response must be within 8 percent of 

the standard; 

3. Standard Value = 41 to 100 NTU: the response must be within 6.5 percent of the 

standard; and 

4. Standard Value greater than 100 NTU: the response must be within 5 percent of the 

standard. 

• Determining the Values of Secondary Standards: Use only those certified by the 

manufacturer for a specific instrument. Secondary standards may be used for CCVs. 
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To initially determine the value of a secondary standard, assign the value that is determined 

immediately after an ICV or verification with primary standards. This is done by reading the 

secondary standard as a sample. This result must be within the manufacturer's stated 

tolerance range and +/- 10 percent of the assigned standard value, If the +/- 10 percent 

criterion is not met, assign this reading as the value of the standard. If the reading is 

outside the manufacturer's stated tolerance range, discard the secondary standard. 

• CCV: Perform a CCV using at least one primary or secondary standard. The calibration 

acceptance criteria are the same as those for an ICV. 

5.6 Direct Measurements 
Direct measurements with meters are the most common methods and can be accomplished by 

placing a sample in a container with the probe or by allowing the water to flow past the probe in a 

flow cell. .The use of a flow-through cell improves measurement quality by allowing the 

constant flow of water over the probes and reduces interaction of the sample with the atmosphere. 

Sample cups should be avoided. The quantity of samples, timing, and methodology should be 

described in the project SAP. 

Following calibration of required probes, connect the bottom flow-cell port to the discharge line of 

the pump. Connect the top port to a discharge line directed to a bucket to collect the purge water. 

Allow the flow cell to completely fill. As the water flows over the probe, record the measurements. 

Continue to record the measurements at regular intervals, as specified in the SAP. 

When the ambient air temperatures are much higher or lower than the temperature of the 

water sample, it is best to keep the length of tubing between the wellhead and the flow cell as 

short as possible to prevent heating or cooling of the water. Tubing and flow-through cell should 

not be exposed to direct sunlight, particularly in the summer, if at all possible, to avoid heating of 

water samples. 

5.7 Data Acquisitions, Calculations, and Data Reduction 

5.7.1 Specific Conductivity Correction Factions 
If the meter does not automatically correct for temperature (i.e., read Specific Conductivity) record 

Conductivity and adjust for temperature upon returning to the office. The following equation can 

be used to convert Conductivity to Specific Conductivity. 
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Where: 

K = 
Km = 
c = 
T = 

K = __ (_Km_)_(C_)_) _ 
1+0.0191(T- 25) 

Conductivity ih µmhos/cm at 25°C 

Measured conductivity in µmhos/cm at T degrees Celsius 

Cell constant 

Measured temperature of the sample in degrees Celsius; 

If the cell constant is 1, the formula for determining conductivity becomes: 

K = ___ (_K_m_) __ 
1+O.Ol91(T - 25) 

5.7.2 Percentage Difference Calculation 

For evaluating slope of readings from either a flow cell or a sample cup. 

(Highest Value - Lowest Value) 
%Difference= . x 100 

(Highest Value) 

5.7 .3 Convert mm mercury (mmHG) to inches mercury (inHG) 

mmHG = inHG x 25.4 

5.7.4 True Barometric Pressure 

For converting BP obtained from a public domain source that is expressed in BP at sea level to 

BP at the subject site. 

(2.5 x [Local Altitude]) 
TrueBP = (BP) - lOO 

Where: BP is in mmHG and Local Altitude is in feet 

Example: BP at site A is 30.49 inHg and elevation is 544 feet, calculate TrueBP 
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Convert inHG to mmgHG: 

mmHg = 30.49 inHg x 25.4 = 774.4 mmHg 

Calculate True BP: 

TrueBP = (774.4 mmHg) - [2.5 * (544 /100)] = 774.4-13.6 = 760.8 mmHg 

6.0 RECORDS 

Data will be recorded promptly, legibly, and in indelible ink on the appropriate logbooks and forms. 

At the completion of a field effort, all logbooks, field data forms, and calibration logs shall be 

scanned and made electronically available to the project team. The original field forms, calibrations 

logs, and log book will be maintained in the project file. 

7.0 HEALTH AND SAFETY 

Detailed Health and Safety requirements can be found in the site specific Health and Safety Plan. 

Ensure that a Safe Work Assessment and Permit form is filled out daily prior to any work in the field 

and reviewed with all project personnel in a daily safety brief. 

Safety glasses with side .shields or goggles and disposable gloves shall be worn during 

calibration activities. 

8.0 REFERENCES 

None 

9.0 ATTACHMENTS 

Attachment 1: Example Field Instrument Calibration Form 

Attachment 2: Solubility of Oxygen at Given Temperatures 

Attachment 3: Example Field Data Form 
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Attachment 1 

Example Field Instrument Calibration Form 



Field Instmment Calibration Fonn 
calibrated by: 
Date: 

Equipment (Make/Model/Serial#): --------------
Equipn1ent (Make/Model/Seriai#): ---------------

Standarit: :t 0.3 mg/L of theoretical* " 

Initial Calibration Initial Calibration Verification ___ I=C~<~T~e=n~1P~=-----~>-- ICV Oemp: 
Saturation Reading Theoretic.al Reading 

(%) ("lo) (mg/L) (mg/L) 

,__~100~----<l~I ~~~~II l.__1~ _ ___.1 

Hach SL Reading Pine SL Reading 
pH1._I ____ _.I ..... I ____ _.I 1.__ ___ ___,1 ..... I ____ __. 

pH41 11 I 1.__ __ __.11.__ __ ---'I 
CCV {Ten1p: 

Conti1\uing calibration Verification Satt1ration Reading Acceptable 
Acceptable (%} {%} Deviation Variance (V /N) 

Hach SL Readi!!!J Deviation Variance (V[N} 100 II 11 11 I 
pH71 11 11 11 I Theoretical Reading Acceptable 

{mgll} (mglL) Deviation Variance {V[N} 

pH41 11 11 11 I I II 11 11 

i01J'.'.•Yo!!~ ;(!_11\0:uJ:lfif,(!.'.;~1;,t1If;t;f,.'[$;'Q~:t'.:"~~a_•I~Ar_d~:_,..~S~J.'52";;i;.';'.i~J;>;~:;:t'.f.:.!J~Ll'~ ·Tl• l:t>icfilYi{!fillJ::';, i.r· ' i; .. r;: ,·,,,;;: .. ;~"'c:: .standard:"±: io::v.;·oi sfanda·r<1;:,7,i.,J 
IC (Zobell SL: ICV (Pine SL: ) 

TCS TCS Initial Calibration 

(stdnemp} Reading {Std/Temp) Reading 

1--~~~__.ll.__~~~-'ll~ ~~~____.11,__~~~__,I 
standard Reading 

l,__ ___ ~1 I._ ____ _. 

CCV (Zobell SL: Continuing calibration Verification 
TCS Acceptable Acceptable· 

(std/Temp) Reading Deviation Variance (V/N) Standard Reading Deviation Variance (V/N) 

I 11.__ __ __,ll,___~---'ll I.__ l~ _ __,11,__~-----<l,__l_~____,ll I 

, .. ~'''· C:##d.~c!ivJ~'.< i1!!i;1,5i;!f~X~~i!~~,a,r<t~t;t..;~~~~e>L~t~~,~-~t~L~~1lie :;:~·,,.:;I.:' eomments: 
IC (VS! SL: ) ICV (Pine SL: ) 
Standard Reading Standard Reading 

I 11 11 11 I 

CCV (VSI SL: 
Acceptable 

standard Readino Deviation Variance(Y[N} 
I 11 11 11 

......... s: ,. !iQL\IUon lt:Jl SU ----"·~ nw tcepne.._ ..... -·te ·--·1 ~--
TC5 tempe1·dUJ'l'e corrected std.Ilda.rd mV mil&YO!tr. "( degrees Celsius 
Sm SldnGold "" pcon:.'f!ont m5 .. /cm mi!li~ens peor c:entimete1· (temprHotui"e- omreaed} 

Temp temperotUre m9'l mil&grcsms peor ~ Theoretic."I ..... tue 



Attachment 2 

Solubility of Oxygen at Given Temperatures 



Field Measurement of Dissolved Oxygen 

Solubility of Oxygen in Water 
at Atmospheric Pressure 

Temperature Oxygen Solubility Temperature Oxygen Solubility 
···- -

oc mg/L oc mg/L 

0.0 14.621 26.0 8.113 
-· .. , .... - ··-. ··- . - ' . 

1.0 14.216 27.0 7.968 
·-· -· 

2.0 13.829 28.0 7.827 
_,_, 

3.0 13.460 29.0 7.691 

4.0 13.107 30.0 7.559 

5.0 12.770 31.0 7.430 

6.0 12.447 32.0 7.305 

7.0 12.139 33.0 7.183 

8.0 11.843 34.0 7.065 
'. 

9.0 11.559 35.0 6.950 

10.0 11.288 36.0 6.837 

11.0 11.027 37.0 6.727 

12;0 10.777 38.0 6.620 
.. --., ... - ., ~· . .. -·-· ~ 

13.0 10.537 39.0 6.515 
..... ~,·-- ··-. ~ ....... .... .. -·· ·-·--··- ·-··-·· 

14.0 10.306 40.0 6.412 

15.0 10.084 41.0 6.312 

16.0 9.870 42.0 6.213 

17.0 9.665 43.0 6.116 

18.0 9.467 44.0 6.021 

19.0 9.276 45.0 5.927 

20.0 9.092 46.0 5.835 

21.0 8.915 47.0 5.744 

22.0 8.743 48.0 5.654 

23.0 8.578 49.0 5.565 

24.0 8.418 50.0 5.477 

25.0 8.263 
Notes: 
The table provides three decimals to aid interpolation 
Under equilibrium conditions, the partial pressure of oxygen in air-saturated water is equal to that of the oxygen in water 

saturated 
°C = degrees Celsius 
mg/L = milligrams per liter 



Attachment 3 

Example Field Data Form 



WELL DEVELOPMENT & GROUNDWATER SAMPLING FORM 

DATE: JOB NUMBER: EQUIPMENT (Make/Model #ISerlal #): 

PROJECT: EVENT: I I 

WELL ID: LOCATION: I I 

WEATHER CONDITIONS: AMBIENT TEMP: I I 

REVIEWED BY: PERSONNEL: I I 

WELL DIA: WELL DEVELOPMENT 

TOTAL DEPTH from TOC (ft.): START: I FINISH: 

DEPTH TO WATER from TOC (ft.): VOLUME PURGED (gal): 

LENGTH OF WATER COL. (ft.): GROUNDWATER SAMPLING 

1 VOLUME OF WATER (gal): START: I FINISH: 

3VOLUMES OF WATER (gal): VOLUME PURGED (gal): 

ANALYSIS: 

WELL DEVELOPMENT PARAMETERS GW SAMPLING PARAMETERS 

Temperature: :!: 1.0" c Temperature: i 0.2" c 
pH: .:1: 0.5 standard units pH: t 0.2 standard unHs 

Specific Conductance: ± 10% of the past measurement Specific Conductance: ± 5% of the past measurement 

Turbidity: relatively stable DO: s 20% saturation 

ORP: t 10 millivolts 

Turbidity: . ~ 10 NTU 

IN-SITU TESTING 

Circle one: DEVELOPMENT SAMPLING D Baller D Pump Description: 

Time (hh:mm): 

pH (units): 

ConductlVlty (mStcm): 

Turbidity (NTU): 

DO (mg/L): YSI 566 

00 (mg/L): YSl 550 

Temperature (C0
): 

ORP(mVJ: 

Volume Purged (gal): 

Depth to Water (ft): 

Well Goes Dry While Purging D 

SAMPLE DATA D Bailer o Pump Description: 
Date Time Bottles Fiitered 

Sample ID (mid/vi fhh:mm) (total to labl rn.<'i .. mt Remarks· 

Purging/Sampling Device Decon Process: 

COMMENTS: 

Purge water placed ln drum#. _____ _ Page_of_ 



Category 

Field Samples: 
Receipt Integrity & 
Holding Times 

Holding Times 

Method Blank 

SW-846, Method 8260B: Data Review Guidelines 
DoD QSM v. 4.2 Analysis with NFG Qualifiers 

Volatile Organic Compounds by GC/MS 

Criteria Action 

(I) If the cooler temp is >6°C and <10°C: 
Detects= J and Non-detects = UJ 

(2) If the cooler temp is <2°C, but samples are 
not frozen, do not qualify. If samples are 

Containers received intact with seals unbroken. frozen: Detects= J and Non-detects= UJ 

COC IDs, dates, times, match sample containers. (3) If cooler temp is >I 0°C: Detects = J and 
Non-detects = R 

Samples must be received at temp of :S6°C. 
Do not qualify ifthe laboratory received the 

Soil samples need to be preserved using pre-tared samples on the same day they were collected, 
vial with either sodium bisulfate (low level) or it's possible that adequate time did not elapse for 
methanol (high level). Note in the data validation the samples to cool. 
report whether the water samples were preserved 
or not preserved. Note soil If the sample container was damaged: 
collection/preservation technique. Detects and Non-detects = R 

Water samples should be received by the lab Ifheadspace is> y,;•· (peas size): Detects= J and 
preserved with HCl to a pH<2, without headspace Non-.detects = R. 
(bubble-free). 

Include any additional laboratory receipt non-
conformance comments in the validation report 
and discuss potential effects to the data. Apply 
qualifiers if deemed necessary based on 
professional judgment. 

For preserved waters and soils: 

• analyzed> 14 days: Detects= J and Non-
detects= UJ 

Preserved waters: 14 days • analyzed> 28 days: Detects = J and Non-
detects= R 

Unpreserved Waters/Soils: 7 days 
For non-preserved waters or soils: 

Preserved Soils: 14 days • analyzed > 7 days: Detects= J and Non-
detects= UJ 

• analyzed >14 days: Detects= J and Non-
detects= R 

For sample detects less than the LOO or less 

Minimum one blank per sample batch. The most 
than Ix the associated blank concentration: 
Detects= UB (at the LOO or blank 

contaminated MB should be used if multiple MBs 
concentration, whichever is greater) and Non-

were prepared per batch. 
detects= no qualification 

For the lab to be compliant as specified by .DoD 
For sample detects greater than the LOO and 

QSM, any detects in the method blank should be 
greater than Ix the blank concentration but less 

less than the highest of either Yi the LOQ, I 0% 
regulatory limit, or 10% of sample concentration. than 5x the associated blank concentration: 

Detects= 8, Non-detects= no qualification 

All samples prepared in the same batch as the 
Apply the same weights, volumes, and dilution MB are associated for qualification. 
factors used for the sample to the associated 
blank before applying the Ix or 5x rule. 



Trip blanks, 
equipment blanks, 
ambient blanks, etc. 

Calibration -
Initial (!CAL), 
Second Source 
Verification (ICY), & 
Continuing 
Calibration 
Verification (CCV) 

GC/MS Tune Criteria 

Surrogates 

SW-846, Method 8260B: Data Review Guidelines 
DoD QSM v. 4.2 Analysis with NFG Qualifiers 

Volatile Organic Compounds by GC/MS 

For sample detects less than the LOO or less 
than 1 x the associated blank concentration: 
Detects= UB (at the LOO or blank 
concentration, whichever is greater) and Non-

Trip blanks, equipment blanks, ambient blank, detects= no qualification 
etc. should be analyte-free. 

For sample detects greater than the LOO and 
Associated samples are those either collected on greater than l x the blank concentration but less 
the same day, or collected using the same than 5x the associated blank concentration: 
equipment. Detects = 8, Non-detects = no qualification 

Apply the same weights, volumes, and dilution 
factors used for the sample to the associated 
blank before aoolvin~ the lx or 5x rule. 

Minimum of 5 calibration points. Either the 
ICAL %RSDs should be :515% per target analyte, 
r 2: 0.995, or non-linear r2 2: 0.99 (6 - 7 points 
required). Resultant curve may not be forced 
through the origin. Analytes in samples corresponding to an out-of-

control bracketing ICY /CCV: 
The ICAL average RRF should be greater than Detects = J and Non-detects= UJ 
0.3 for chlorobenzene and 1, 1,2,2-
tertachloroethane; 2:0. l for chloromethane, lfr2<0.99 or r<0.995 or RSD 2: 15%: Use 
bro mo form and 1, 1-dichloroethane. professional judgment based on location of 

curve non-linearity versus sample 
Relative standard deviation (RSD) S 15% or concentrations. 
ICAL correlation coefficient (r) should be >0.995 
or r2 > 0.99. If ANY %RSDs/%Ds (absolute value) >50%, or 

Recovery <50%, >150% 
ICY - Immediately following ICAL, must be Detects= J and Non-detects= R 
within 20% of true. 

CCV - Analyzed at beginning of each 12 hr shift. 
%Ds/% drifts should be S20%. 
All ICAL and sample associated tunes inust meet Qualify all data analyzed following non-
Method SW-846 criteria. compliant tunes using professional judgment. 

Surrogate recoveries should be within DoD QSM If one or more surrogate %Rs< lower lab limits, 
limits or laboratory control limits for surrogates but above 20%: Detects = J and Non-detects = 
not specified in QSM. UJ 

The surrogate concentrations should be constant If one or more surrogate %R < 20%: Detects= J 
in all samples and associated batch QC. (If not, and Non-detects = R 
note in validation report and use professional 
judgment for evaluation). If one or more surrogates> upper lab limit: 

Detects = J and Non-detects= No qualification 



Internal Standard 
Performance 

Laboratory Control 
Sample (LCS) 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD) 

System Performance 

SW-846, Method 8260B: Data Review Guidelines 
DoD QSM v. 4.2 Analysis with NFG Qualifiers 

Volatile Organic Compounds by GC/MS 

Qualify all voe analytes as follows: 

Sample analysis IS area less than 50% of mid-

Internal Standard area count should be within 
point standard in the ICAL: Detects = J and 

50% to 200% of the mid-point standard in the 
Non-detects = R 

ICAL. 
Sample analysis IS area >200% of mid-point 

Internal Standard retention time must be within . 
standard of the ICAL: Detects= J and Non-

30 seconds of the mid-point standard from the 
detects = none 

most recent calibration (CCV). 
For analytes associated with internal standard 
retention time > 30 seconds from CCV: Detects 
which meet spectral ID criteria= J and Non-
detects= R 

Minimum one LCS per sample batch. 

LCS recoveries should be within DoD QSM LCS %R < lower limit 
control limits. Laboratory control limits may not Detects= J and Non-detects= UJ 
exceed the QSM criteria range. AECOM requires 
that poor performers must be recovered at l 0% of LCS %R > upper limit: Detects = J and Non-
true or greater, see Appendix G of the DoD QSM. detects = No qualifications 

DoD Marginal Exceedence (ME) Limits must be LCS %R < ME: Detects= J; Non-detects= R 
used for outlier data evaluation, DoD QSM 
Section G.2. VOC target lists less than 11 Poor Performers, LCS/LCSD %R<IO%, Detects 
analytes, no ME recoveries are allowed. Full = J, Non-detects= R. 
DoD List= 49 targets, 2 LCS ME allowed. 
LF8 VOC List= 62 targets, 3 LCS ME allowed. 
No %Rs may be outside the ME limits. 

MS and MSD %Rs< lower limit, but >20%: 
Minimum one MS/MSD per 20 investigative Detects= J and Non-detects= UJ 
samples or per extraction batch. 

MS and MSD %Rs > upper lirriit: Detects = J 
MS/MSD %Rs must be within DoD QSM limits. and Non-detects = No qualification 
MS/MSD RPDs must be::; 30%. 

MS and/or MSD %R < 20% or <10% for poor 
If sample detect concentration is >4x MS/MSD performers: Detects= J and Non-detects= R 
spike concentration, no qualifications required, 
but mention in report. lfRPD > 30%: Detects= J; Non-detects= no 

qualification 
See the General Comments section below for 
combining multiple MS.MSD results for Note in the report ifthe MS/MSD samples were 
qualification per event. reported from a different dilution factor than the 

parent sample was reported from. 
Did validation observations include poor 
agreement between diluted versus undiluted 
results, were over-dilution practices observea, 

Qualify data using professional judgment when 
were RLs supported by the calibration standards 
range after preparation factors applied, etc? 

appropriate. 

Comment on the general performance of the 
Note poor method/laboratory practices, even if 

laboratory, analyst notes, narrative discussions, 
qualification not necessary. 

and any other noted discrepancies or 
recommendations. 



Misc. Results 
Qualifying & 
Reporting 

SW-846, Method 8260B: Data Review Guidelines 
DoD QSM v. 4.2 Analysis with NFG Qualifiers 

Volatile Organic Compounds by GC/MS 

If a dilution was performed and results from both the original and diluted analyses were reported, 
qualify any (over-range) analyte(s) that required dilution in the original analysis "NP," while leaving 
the remaining analytes unqualified. Qualify all diluted analyte(s) results that were within range in the 
original analysis as "'NP'', while retaining the analyte that required dilution. 

In most instances, all field QC (like MS/MSDs) are combined and evaluated for data qualification 
(when >50% results are outliers= all associated data qualified). 

Field duplicates shall be compared to the RPO criteria when concentrations are >2x the LOQ. 
Otherwise if <2x LOQ, use ±LOD for criteria comparison. Duplicate results with one non-detected 
and one >LOQ, shall cause all results to be qualified. The majority per result cause qualifying. 
Single outlier, only parent and field duplicate are qualified. Non-detected results do not provide data 
for determining proportion of outlier results. (For example, if all FD samples replicated a ND result, 
but one sample pair with detections shows wide variability, all associated event detections must be 
qualified.) 



Data Review Guidelines 
Total Organic Carbon by Walkley-Black 

Cate2ory Criteria Action 
Sample Integrity Samples received intact with seals Ifthe cooler temp is >6°C and <10°C, Detects= J and 

unbroken. Cooler temp for aqueous Non-detects= UJ 
and soil samples at <6°C. 

If cooler temp is > 10°C: Detects= J and Non-detects= 
R 

Do not qualify ifthe laboratory received the samples 
on the same day they were collected, it's possible that 
adequate time did not elapse for the samples to cool. 

Ifthe sample container was damaged: Detects and 
Non-detects= R 

Holding Times 28 Days If analyzed> 28 and< 85 days: Detects= J and Non-
detects= UJ 

If analyzed~ 84 days: 
Detects= J and Non-detects= R 

Method Blank No analytes detected> LOD For sample detects less than 5 x the associated blank 
concentration: Detects= 8 and Non-detects= no 
qualification 

Apply the same weights, volumes, and dilution factors 
used for the sample to the associated blank before 
applying the above 5x rule. 

Laboratory Control Sample Minimum one LCS per preparatory LCS %Rs< 85% but >30%: Detects= J and Non-
(LCS) batch. detects= UJ 

LCS recoveries should be within 85- LCS %Rs> 115%: 
115% Detects= J and Non-detects= No qualifiers 

LCS %R< 30%: 
Detects= J and Non-detects= R 

Duplicate Sample Analysis One per preparatory batch . Qualify affected results: 
Detects= J and Non-detects= UJ 

20% RPD for results> 5x LOQ, or 
±LOQ for results< 5x LOQ 

Walkley-Black Method for Total Organic Carbon I of I 



Catee:ory 

Sample Integrity 

Blanks 
(Method, ICB, CCB, 
equipment blank, etc.) 

Holding Times 

Method 60 I OC 

Data Review Guidelines 
Method 6010C (ICP Metals) 

Criteria Action 
Samples received intact with seals For mercury: 
unbroken. Cooler temp of <6°C. (1) For soils and waters, ifthe cooler temp is 

>6°C and <l0°C: Detects= J and Non-detects 
= UJ 

(2) If samples are frozen: Detects = J and Non-
detects= UJ 

For all methods (soil and water), if cooler temp 
is > 10°C: Detects = J and Non-detects = R 

For all metals, ifthe cooler temp is >6°C and 
<l0°C, note in report but do not qualify. 

Do not qualify ifthe laboratory received the 
samples on the same day they were collected, 
as there was not enough time allowed for the 
samples to cool. 

Ifthe sample container was damaged: Detects 
and Non-detects = R 

Waters preserved with HN03 to pH<2. If water sample was not preserved in the field, 
but was preserved in lab within 2 days of 
collection, no qualifiers are required. 

If sample was not preserved or preserved after 
2 days past collection: Detects= J and Non-
detects== UJ 

Minimum one blank per sample batch. If a blank has a detect (absolute value) above 
Blank should be analyte free. the DL, multiply by 5 and compare to sample 
However, for the lab to be compliant as results. 
specified by DoD QSM, any detects in 
the method blank should not be greater For sample detects less than 5x the associated 
than the highest of either Y2 the LOQ, positive blank concentration: Detects= B and 
10% regulatory limit, or 10% ofsample Non-detects = no qualification 
concentration. 

For sample detects less than 5x the associated 
negative blank concentration: Detects= J and 
Non-detects= UJ 

Note: When reviewing soils, calculate the 
effective waterDL and use that number to 
compare to the ICB/CCBs. 

6 months. For metals samples analyzed >6 months and 
<12 months plus 1 day: Detects= J and Non-
detects= UJ 

For metals samples analyzed beyond 12 months 
plus one day: Detects= J and Non-detects= R 

I of4 



Category 
Calibration -
Initial (!CAL) & 
Continuing (!CV/CCV) 

Laboratory Control Sample 
(LCS) 

Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) 

Method 60 l OC 

Data Review Guidelines 
Method 6010C (ICP Metals) 

Criteria Action 
For 6010, the !CAL consists ofa blank Ifr < 0.995 or r- < 0.99: Use professional 
and at least one standard (std). judgment 

For samples bracketed by ICY /CCV that are 
ICY should be within ±10% <limits> 75%: Detects= J and Non-detects= 

UJ 
Bracketing CCV s should be within 
±10% For samples bracketed by !CV/CCV that are 

>limits< 160%: Detects= J and Non-detects= 
UJ 

For samples bracketed by !CV/CCV that are 
<75%: Detects= J and Non-detects = R 

Samples bracketed by !CV/CCV< 75% 
Detects= J Non-detects = R 

Samples bracketed by I CV /CCV > 160% 
Detects= R Non-detects= J 

Minimum one LCS per sample batch. LCS %Rs < lower limit but >40%: Detects= J 
and Non-detects= UJ 

LCS recoveries should be within 80-
120% LCS %Rs> upper limit< 150%: 

Detects= J and Non-detects= No qualifiers 

LCS %R<40%: 
Detects= J and Non-detects = R 

LCS %R > 150%: 
All results = R 

Minimum one MS/MSD per 20 MS and MSD %Rs < lower limit, but >40%: 
investigative samples. Detects= J and Non-detects= UJ 

MS/MSD %Rs must be within 80- MS and MSD %Rs> upper limit< 150%: 
120% Detects= J and Non-detects= No 

qualifications 
MS/MSD RPDs must be :::: 20%. 

MS and/or MSD %R < 40%: Detects = J and 
Qualify all samples of the same matrix, Non-detects = R 
if the reviewer considers the samples 
sufficiently similar. MS and/or MSD %R > 150%: 

All results = R 

If sample detect concentration >4x MS/MSD 
spike concentration, no qualifications required, 
but mention in report. 

RPD >20%: Detects= J and non-detects = UJ 

2 of4 



Cateeory 
Field Duplicate Sample 
Analysis 

Duplicate Sample Analysis 

Interference Check Sample 
(!CS) - ICP only 
(ICSA/ICSAB) 

Serial Dilution 

Post-Digestion Spike or 
Recovery test for GF AA 

Sample Result Verification 
(Full Validation only) 
System Performance 

Method 60 I OC 

Data Review Guidelines 
Method 6010C (ICP Metals) 

Criteria Action 
Aqueous Samples - 30% RPD for Detects = J and non-detects = UJ 
results >2x LOQ, or ±LOQ for results 
<2x LOQ 

Solid Samples - 50% RPD for results 
>2x LOQ, or ±LOQ for results <2x 
LOQ 

Qualify the parent and duplicate 
sample. 
Required ifno MS/MSD performed. Detects= J and non-detects =:o UJ 

Aqueous Samples - 20% RPD for 
results >5x LOQ, or ±LOQ for results 
<5x LOQ 

Solid Samples - 20% RPD for results 
>5x LOQ, or ±LOQ for results <5x 
LOQ 

Qualify the parent and duplicate 
sample. 
Recoveries in the ICSAB should be IfICSAB <80%: Detects= J and Non-detects 
within± 20%. Absolute value of target = UJ 
analytes should be < LOD in the !CSA. 

If ICSAB >120%: Detects= J and Non-detects 
= no qualification 

If !CSA> LOD: Detects= U and non-detects= 
no qualification. 
If a verified trace impurity is documented use 
professional judgment 

Results should have a %D :510%, when If%D>10% and sample result is >SOx DL: 
sample result is >50x LOQ (as Perform post digestion spike (PDS) (see below) 
specified in DoD QSM) If PDS and MS/MSD are acceptable no 

qualification. If PDS and MS/MSD not 
compliant then qualify Detects = J and Non-
detects= UJ 

(Negative interference may be evident when 
results from diluted analysis are significantly 
higher than in original sample, therefore, non-
detects are also qualified.) 

Post-digestion spike %R must be >80% IfICP post-spike %R<80%: Detects= J and 
or <120% for ICP Non-detects= UJ 

lflCP post-spike %R>120%: Detects= J and 
Non-detects= no qualifications 

If post-spike or recovery test %R<40%: Detects 
= J and Non-detects= R 

Recalculate the result of one ICP result. If any discrepancies, qualify the data based on 
professional judgment. 

Are the data reasonable? Comment on Qualify the concerned data based on 
the general performance of the professional judgment. 
laboratory and any recommendations. 

3 of4 



Cate2ory 
Miscellaneous 

Method 60IOC 

Data Review Guidelines 
Method 6010C (ICP Metals) 

Criteria Action 
If a dilution was performed properly and results 
from both the original and diluted analyses 
were reported, qualify the analyte that required 
dilution in the original analysis "NP," while 
leaving the remaining analytes unqualified. In 
the diluted results, qualify as "NP" all analytes 
that were within range in the original analysis 
while retaining the analyte that required 
dilution. 

4 of4 



I Category I 

Field Samples: 
Receipt Integrity & 
Holding Times 

Holding Times 

Method Blank 

Data Review Guidelines 
Methane, Ethane, Ethene by RSK 175 

Criteria I Action 

(l) If the cooler temp is >6°C and <10°C: 
Detects= J and Non-detects= UJ 

(2) If the cooler temp is <2°C, but samples are 
not frozen, do not qualify. If samples are 
frozen: Detects= J and Non-detects= UJ 

(3) If cooler temp is > 10°C: Detects = J and 

Containers received intact with seals unbroken. 
Non-detects = R 

COC IDs, dates, times, match sample containers .. 
Do not qualify ifthe laboratory received the 
samples on the same day they were collected, 
it's possible that adequate time did not elapse for 

Samples must be received at temp of :::;6°C. 
the samples to cool. 

Water samples should be received by the lab 
If the sample container was damaged: 

preserved with HCl to a pH<2, without headspace 
(bubble-free). 

Detects and Non-detects = R 

Ifheadspace is> !4'' (peas size): Detects= J and 
Non-detects = R. 

Include any additional laboratory receipt non-
conformance comments in the validation report 
and discuss potential effects to the data. Apply 
qualifiers if deemed necessary based on 
professional judgment. 

For preserved waters: 

• analyzed> 14 days: Detects= J and Non-
detects= UJ 

Preserved waters: 14 days • analyzed> 28 days: Detects = J and Non-
detects= R 

Unpreserved Waters/Soils: 7 days 
For non-preserved waters: 

• analyzed> 7 days: Detects= J and Non-
detects= UJ 

• analyzed >14 days: Detects= J and Non-
detects= R 

For sample detects less than the LOD or less 
than 1 x the associated blank concentration: 

Minimum one blank per preparatory batch. The . Detects= UB (at the LOD or blank 
most contaminated MB should be used if multiple concentration, whichever is greater) and Non-
MBs were prepared per batch. detects= no qualification 

Any detects in the method blank should be less For sample detects greater than the LOO and 
than the highest of either Y2 the LOQ or 10% of greater than lx the blank concentration but less 
sample concentration. than 5x the associated blank concentration: 

Detects= B, Non-detects= no qualification 
All samples prepared in the same. batch as the 
MB are associated for qualification. Apply the same weights, volumes, and dilution 

factors used for the sample to the associated 
blank before applying the Ix or 5x rule. 

I 



Equipment blanks 

Calibration -
Initial (!CAL), 
Second Source 
Verification (SCV), & 
Continuing 
Calibration 
Verification (CCV) 

Laboratory Control 
Sample (LCS) 

Matrix Spike/Matrix 
Spike Duplicate 
(MS/MSD) 

Data Review Guidelines 
Methane, Ethane, Ethene by RSK 175 

For sample detects less than the LOD or less 
than 1 x the associated blank concentration: 
Detects= UB (at the LOD or blank 
concentration, whichever is greater) and Non-

Equipment blanks should be analyte-free. 
detects= no qualification 

Associated samples are those either collected on 
For sample detects greater than the LOD and 
greater than lx the blank concentration but less 

the same day, or collected using the same 
than 5x the associated blank concentration: equipment. 
Detects= B, Non-detects= no qualification 

Apply the same weights, volumes, and ~ilution 
factors used for the sample to the associated 
blank before applying the lx or 5x rule. 

Minimum of 5 calibration points. Either the 
!CAL %RSDs should be ~15%per target analyte, 
r ~ 0.995, or non-linear r2 ~ 0.99 (6 - 7 points Analytes in samples corresponding to an out-of-
required). Resultant curve may not be forced control bracketing SCV /CCV: 
through the origin. Detects= J and Non-detects= UJ 

Relative standard deviation (RSD) S 15% or Ifr2<0.99 or r<0.995 or RSD ~ 15%: Use 
!CAL correlation coefficient (r) should be >0.995 professional judgment based on location of 
or r2 > 0.99. curve non-linearity versus sample 

SCV - Immediately following !CAL, must be 
concentrations. 

within 20% of true. If ANY %RSDs/%Ds (absolute value) >50%, or 

CCV - Prior to sample analysis, after each 10 
Recovery <50%, >150% 
Detects = J and Non-detects = R 

field samples, and at the end of the analytical 
sequence. All project analytes within± S20% of 
expected value from the !CAL. 

Minimum one LCS per preparatory batch. LCS %R < lower limit 
Detects= J and Non-detects= UJ 

LCS recoveries should be within laboratory 
control limits. . LCS %R > upper limit: Detects = J and Non-

detects = No qualifications 

LCS %R<l0%, Detects= J, Non-detects= R. 

MS and MSD %Rs< lower limit, but >20%: 
Detects= J and Non-detects = UJ 

Minimum one MS/MSD per 20 preparatory batch 
MS and MSD %Rs> upper limit: Detects= J 

or one MS/MSD per 20 project samples. 
and Non-detects= No qualification 

MS/MSD %Rs must be within laboratory contra! 
MS and/or MSD %R < 20%: Detects= J and 

limits. 
Non-detects = R 

MS/MSD RPDs must be S 20%. 

IfRPD > 20%: Detects= J; Non-detects= no 
If sample detect concentration is >4x MS/MSD qualification 
spike concentration, no qualifications required, 
but mention in report. Note fo. the report ifthe MS/MSD samples were 

reported from a different dilution factor than the 
parent sample was reported from. 



System Performance 

Misc. Results 
Qualifying & 
Reporting 

Data Review Guidelines 
Methane, Ethane, Ethene by RSK 175 

Did validation observations include poor 
agreement between diluted versus undiluted 
results, were over-dilution practices observed, 
were RLs supported by the calibration standards 
range after preparation factors applied, etc? 

Comment on the general performance of the 
laboratory, analyst notes, narrative discussions, 
and any other noted discrepancies or 
recommendations. 

Qualify data using professional judgment when 
appropriate. 

Note poor method/laboratory practices, even if 
qualification not necessary. 

If a dilution was performed and results from both the original and diluted analyses were reported, 
qualify any (over-range) analyte(s) that required dilution in the original analysis ''NP," while leaving 
the remaining analytes unqualified. Qualify all diluted analyte(s) results that were within range in the 
original analysis as ''NP", while retaining the analyte that required dilution. 

In most instances, all field QC (like MS/MSDs) are combined and evaluated for data qualification 
(when >50% results are outliers= all associated data qualified). 

Field duplicates shall be compared to the RPO criteria when concentrations are >5x the LOQ. 
Otherwise if <5x LOQ, use± 2x LOQ for criteria comparison. Duplicate results with one non
detected and one >LOQ, shall cause all results to be qualified. The majority per result cause 
qualifying. Single outlier, only parent and field duplicate are qualified. Non-detected results do not 
provide data for determining proportion of outlier results. (For example, if all FD samples replicated 
a ND result, but one sample pair with detections shows wide variability, all associated event 
detections must be qualified.) 



Cate2ory 
Sample Integrity 

Holding Times 

Blanks (method, ICB/CCB) 

Calibration -
Initial (!CAL), 
Second Source Verification 
(ICY), & Continuing 
Calibration Verification 
(CCV) 

Method 9056A for Anions 

Data Review Guidelines 
Method 9056A for Anions 

Criteria Action 
Samples received intact with seals For soils and water, ifthe cooler temp is >6°C and 
unbroken. Cooler temp for aqueous <10°C, Detects= J and Non-detects= UJ 
and soil samples at <6°C. 

For soil and water, if cooler temp is> 10°C: Detects= J 
and Non-detects= R 

Do not qualify ifthe laboratory received the samples 
on the same day they were collected, irs possible that 
adequate time did not elapse for the samples to cool. 

If the sample container was damaged: Detects and 
Non-detects = R 

Waters: For F, Cl, and S04 analyzed> 28 and< 85 days: 
Bromide (BO, Fluoride (F), Chloride Detects= J and Non-detects= UJ 
(Cl) and Sulfate (S04): 28 days; 
Nitrate (N03), Nitrite (N02), and For F, Cl, and S04 analyzed~ 84 days: 
Orthophosphate (P04): 48 hrs. Detects= J and Non-detects= R 

Soils: For N03, N02, and P04 waters analyzed 
Bromide (BO, 'Fluoride (F), Chloride > 48 hours and< 145 hours: Detects= J and Non-
(Cl) and Sulfate (S04): 28 days; detects= UJ 
Nitrate (N03), Nitrite (N02), and 
Orthophosphate (P04): 28 days from For N03, N02, and P04 waters analyzed;;::: 145 hours: 
collection to extraction and 48 hrs from Detects= J and Non-detects= R 
extraction to analysis 

For N03, N02, and P04 soils extracted> 28 and < 85 
days, or analyzed> 48 hours and 
< 145 hours: Detects= J and Non-detects= UJ 

For N03, N02, and P04 soils extracted~ 85 days, or 
analyzed~ 145 hours: Detects= J and Non-detects= 
UJ 

No analytes detected > Yi LOQ and > For sample detects less than 5x the associated blank 
1110 the amount measured in any concentration: Detects= B and Non-detects = no 
sample or 1110 the regulatory limit qualification 
(whichever is greater). Blank result 
must not otherwise affect sample Apply the same weights, volumes, and dilution factors 
results. used for the sample to the associated blank before 

applying the above 5x rule. 

The !CAL should consist of a blank When r <0.995 or r2 <0.99: Detects= J and Non-
and minimum of 3 stds. detects= UJ 

The correlation coefficient (r) should Samples bracketed by ICV/CCVs <limits: 
be ~0.995 or r2 should be ~0.99. Detects= J and Non-detects= UJ 

Bracketing ICV/CCVs should be Samples bracketed by ICV/CCVs >limits: 
within lab limits or ±10%. Detects= J and Non-detects= no qualification 
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Catee:ory 
Laboratory Control Sample 
(LCS) 

MS/MSD 

Duplicate Sample Analysis 

System Performance 

Method 9056A for Anions 

Data Review Guidelines 
Method 9056A for Anions 

Criteria Action 
Minimum one LCS per sample batch. LCS and LCSD %Rs< lower lab limit but >30%: 

Detects= J and Non-detects= UJ 
LCS recoveries should be within QSM 
limits: 80 - 120%R. LCS and LCSD %Rs> upper lab limit: 

Detects= J and Non-detects= No qualifiers 

LCS and/or LCSD %R < 30%: 
Detects= J and Non-detects= R 

LCS/LCSD RPD > 15%, all analytical set detections for 
outlier target = J 

Minimum one MS/MSD per sample MS and MSD %Rs< lower lab limit, but >10%: 
batch. Detects= J and Non-detects= UJ 

MS/MSD recoveries should be within MS and MSD %Rs> 120%: 
QSM limits: 80 - 120%R. Detects= J and Non-detects= None 

MS/MSD RPD criteria= 15% MS and/or MSD %R <30%: 
Detects = J and Non-detects= R 

If sample detect concentration >4x MS/MSD spike 
concentration, no qualifications required, but mention 
in report. 

One per every 10 samples. Qualify affected results: 
Detects= J and Noncdetects = UJ 

10% RPD for results> 5x LOQ, or 
±LOQ for results< 5x PQL 

Did validation observations include 
poor agreement between diluted versus 
undiluted results, were over-dilution 
practices observed, were LODs/LOQs 
supported by the calibration standards Qualify data using professional judgment when 
range after preparation factors applied, appropriate. 
etc? 

Note poor method/laboratory practices, even if 
Comment on the general performance qualification not necessary. 
of the laboratory, analyst notes, 
narrative discussions, and any other 
noted discrepancies or 
recommendations. 
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Cate2ory I 

Data Review· Guidelines 
Method 9056A for Anions 

Criteria I Action 

!fa dilution was performed and results from both the original and diluted analyses were reported, qualify any (over-range) 
analyte(s) that required dilution in the original analysis "NP," while leaving the remaining analytes unqualified. Qualify all 
diluted analyte(s) results that were within range in the original analysis as "NP", while retaining the analyte that required 
dilution. 

In most instances, all field QC (like MS/MSDs) are combined and evaluated for data qualification (when >50% results are 
outliers = all associated data qualified). 

Field duplicates shall. be compared to a 30% RPD criteria when concentrations are >2x the LOQ. Otherwise if <2x LOQ, use 
±LOD for criteria comparison. Duplicate results with one non-detected and one >LOQ, shall cause results to be qualified. Data 
qualification will be applied when greater than 50% of the FD results (per method, per target) fail criteria. If only a single 
outlier is observed, only parent and field duplicate are qualified. Non-detected results do not provide data for determining 
proportion of outlier results. (For example, if all FD samples replicated a ND result, but one sample pair with detections shows 
wide variability, all associated event detections must be qualified.) 
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APPENDIXC 

LABORATORY CONTROL LIMITS, STANDARD OPERATING PROCEDURES 

AND LABORATORY CERTIFICATIONS 



Minnesota Department of Health 

Environmental Laboratory Accreditation Program 

Issues accreditation to 
... -:_,. 

Continued accreditation is contingent uponsqccessfuio~~g9irig:compliance with Minnesota Statutes 144.97 ~ 144.98, 2003 NELAC 
... ~ h;;. . • : ! .. ·("S~ . ,:_" ' . . .. .' :' 

Standard and applicable Minnesota,Rules 4740;2010 to,4740:212(). The laboratofy's·ScoP,~ of Certification cites the specific 
• • • ' I • ··; :·.-· 

programs, methods, anaiyres.and matrices'(i.e: fields oftesting)f6rwhlcllMDHdssues this accreditation . 
... ~,_ .... ~~: · .... :- -.. _- ·- .. . .-.:-;:-·· ·:·.f··~f,.;_ -- ~ -..,.~;. ~:::;;, - . . ··. . . E: \·. 

This certificate is valid proof of accr:~taif on 9iil.y,~w~en J~()CiitJ<t~,VVitJi··itsjaccompariying Scop.t of Certification. 
: .. · . . . ---:- ,_ :-~-9:'-·f+· .. , . ··.: . \::?·: ..•. - -~ . ,. -7: . .' . 

. . _.; . - ·<~-~:.~~~... ... -~:~' ~~< .:" 
The Scope of Certification and reports. of on-site insp.ectioi:is are oil file .at .the·Miimesota Departinent of Health, 

601 Robert Street North, Saint 'Paul~MW:n~s<jta.:.~tomer8 ~Y v~fy·~e.laboratory's accreditation status in 

. Minnesota ty~:~ontlktiR'!H~n~;~LAP at (6Sl) 201"'.5200. 
- . ' ······ -~ 

Effective Date: 11/28/2012 Expires: 12/31/2013 

Susan R. Wyatt, MN-ELAP Supervisor 

Certificate Number: 49171 S 



CERTIFICATE OF ACCREDITATION 
ANSl-ASQ National Accreditation Board/ACLASS 

500 Montgomery Street, Suite 625, Alexandria, VA 22314, 877-344-3044 

This is to certify that 

TriMatrix Laboratories, Inc. 
5560 Corporate Exchange Court, SE 

Grand Rapids, MI 49512 

has been assessed by ACLASS 
and meets the requirements of 

ISO/IEC 17025:2005 and DoD-ELAP 
while demonstrating technical competence in the field(s) of 

TESTING 

Refer to the accompanying Scope(s) of Accreditation for information regarding the 
types of tests to which this accreditation applies. 

ADE-1542 

Certificate Number 

~Q:::i 
ACLASS Approval 

Certificate Valid: 4/30/2013-04/30/2015 
Version No. 003 Issued: 05/30/2013 

This laboratory is accredited in accordance with the recognized International Standard ISO/!EC 17025:2005. This 
accreditation demonstrates technical competence for a defined scope and the operation of a laboratory quality 

management system (refer to joint ISO-ILAC-IAF Communique dated January 2009). 



'ANSl-ASQ National Accreditation Board/ AC LASS 

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 & DoD-ELAP 

TriMatrix Laboratories, Inc 
5560 Corporate Exchange Court, SE, Grand Rapids, Ml 49512 

Rick Wilburn Phone: 616-975-4500 

TESTING 

Valid to: April 30, 2015 Certificate Number: ADE - 1542 
I. Environmental 

SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT 

MATRIX orANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) 

Water Metals Digestion 200.2 Block Digestion 

Water Metals Digestion 3010A Block Digestion 

Water Metals Digestion 3020A Block Digestion 

Solid Metals Digestion 30508 Block Digestion 

Water Metals 200.7/6010C ICP 

Water 
Calcium Hardness 

SM 23408 ICP 
(as CaC03) 

Solid Metals 6010C ICP 

Water 
Total Hardness 

SM 2340B ICP 
(as CaC03) 

Water Metals 200.8 I 6020A ICP MS 

. Solid Metals 6020A ICPMS 

Water Mercury 245. I I 7470A CVAA 

Solid Mercury 7471B CVAA 

'" 007 Issued: 05/29/2013 Page I of8. 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT 

MATRIX orANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) . 

Water 
Mercury, 

1631E CVAF 
Low-Level 

1,2-Dibromo-3-
Water Chloropropane & 8011 GC-ECD 

1,2-Dibromoethane 

Water I Solid Carbonyl Compounds 8315A HP LC-UV 

Water I Solid 
Nitroaromatics and 

8330A HP LC-UV 
Nitramines 

Water I Solid 
Nitroglycerine and 

8332 HP LC-UV 
PETN 

Water I Solid 
Chlorinated 

8151A GC-ECD 
Herbicides 

Water Methoxychlor 608.2 GC-ECD 

Water 
Organochlorine 

608180818 GC-ECD 
Pesticides 

Solid 
Organochlorine 

80818 GC-ECD 
Pesticides 

Water PC8s 608 / 8082A GC-ECD 

Solid PC8s 8082A GC-ECD 

Water I Solid 
Diesel Range 

Wisconsin ORO/ 8015C · GC-FID 
Organics (DRO) 

Water I Solid Oil Range Organics 8015C GC-FID 

Water 
Dissolved Gas 

RSK-175 GC-FID 
Analysis 

Water I Solid 
Nonhalogenated 

8015C GC-FID 
Organics 

Water 
Semivolatile Organic 

625 / 8270C GCMS 
Compounds 

Solid 
Semivolatile Organic 

8270C GCMS 
Compounds 

Water I Solid 
Semivolatile Organic 

8270C SIM GCMS 
Compounds 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT 

MATRIX or ANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) 

Solid 
Semi volatile 3545A · Pressurized Fluid Ext 
Extraction 

Water 
Semi volatile 

3510C Separatory Funnel Ext 
Extraction 

Solid. 
Semi volatile 

3550C Ultrasonic Extraction 
Extraction 

Chlorinated 
Water I Solid Hydrocarbons 8121/612 GC-ECD 

Water I Solid 
Gasoline Range 

Wisconsin GRO I 8015C GC-FID 
Organics (GRO) 

Solid Volatile Organics 80218 GC-PID; HECD 

Water Volatiles Organics 60 I. I 602 I 802 1 8 GC-PID; HECD 

Water Volatile Organics 524.2 I 624 I 82608 GCMS 

Solid Volatile Organics 82608 GCMS 

Solid Volatiles Extraction 5035A Purge.& Trap 

Water Volatiles Extraction 50308 Purge & Trap/Water 

Water I Solid SPLP 1312 Acetic Acid Leaching 

Water I Solid TCLP 1311 Acetic Acid Leaching 

Solid lgnitability 1020A Closed-Cup 

Acid Volatile Sulfide 

Solid 
and Selected 

821-R-91-100 
Distillation/ 

Simultaneously Spectrophotometric 
Extractable Metals 

Solid Paint Filter Test 90958 Filtration 

HEM Oil and Grease I 
Water SGT-HEM Non-Polar I 664A I 9070A Gravimetric 

Material 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT MATRIX or ANALYTE METHOD 

GROUP** (all EPA unless 
OR TECHNOLOGY 

specified) 
HEM Oil and Grease I 

Solid SGT-HEM Non-Polar 9071B Gravimetric 
Material 

Water 
Filterable Residue 

SM 2540C Gravimetric 
(TDS) 

Water 
Non-Filterable 

SM 2540D Gravimetric 
Residue (TSS) 

Water 
Total Residue I Solids 

SM 25408 Gravimetric 
(TS) 

Solid 
Total Residue I Solids 

SM 3550C Gravimetric 
(TS) 

Water Volatile Residue (VS) SM 2540E Gravimetric 

Solid Volatile Residue. (VS) SM 2540G Gravimetric 

Water 
Settleable Residue I 

SM 2540 F Imhoff cone 
Solids 

Water Anions 300.0/9056A Ion Chromatographic 

Solid Anions 9056A Ion Chromatographic 

Water Bromide ASTM Dl246 !SE 

Water I Solid Fluoride SM 4500-F C !SE 

Water BODandCBOD SM 5210B Luminescence 

Water Turbidity SM2l30B Nephelometric 

Water Color SM 2120B Platinum~Cobalt Color 

Water pH and Corrosivity SM 4500-H+ B I 9040C Potentiometric 

Solid pH and Corrosivity 90450 Potentiometric 

Water Conductivity SM 25 l OB I 9050A Specific Conductance 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT 

MATRIX orANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) 

Water I Solid Ammonia-N SM 4500-NH3 8 Distillation 

Water I Solid Ammonia-N SM 4500-NH3 G Spectrophotometric 

Water Chloride SM 4500-CI E I 925 l Spectrophotometric 

Solid Chromium (VI) Ct6 3060A Digestion 

Water Chromium (VI) Cr+6 SM 3500-Cr 8 I 7196A Spectrophotometric 

Solid Chromium (VI) Cr""6 7196A Spectrophotometric 

Water COD SM 5220D Spectrophotometric 

Water I Solid Cyanide Available OIA-1677 Amperometry 

Solid Cyanide 90\0C Distillation 

Water Cyanide SM 4500-CN CI 90IOC Distillation 

Solid Cyanide Extraction 9013A Extraction 

Solid Cyanide Amenable 9014 Spectrophotometric 

Water Cyanide Amenable SM 4500-CN GI 9014 Spectrophotometric 

Solid Cyanide, Total 9014 Spectrophotometric 

Water Cyanide, Total SM 4500-CN EI 9014 Spectrophotometric 

Water Ferrous Iron .SM 3500-Fe 8 Spectrophotometric 

Water I Solid Nitrate-N SM 4500-N03 F Spectrophotometric 

Water Nitrate+ N itrite-N SM 4500-N03 F Spectrophotometric 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT MATRIX orANALYTE METHOD 

GROUP** (all EPA unless 
OR TECHNOLOGY 

specified) 

Water Nitrite-N SM 4500-N02 8 I N03 F Spectrophotometric 

Water a-Phosphate SM 4500-P E Spectrophotometric 

Water I Solid Phosphorus Total SM 4500-P E Spectrophotometric 

Water Silica as Si02 SM 4500-Si02 D Spectrophotometric 

Water Surfactants (M8AS) SM 5540C Spectrophotometric 

Water I Solid TKN SM 4500-Norg D Spectrophotometric 

Solid Total Phenolics 9065 Spectrophotometric 

Water Total Phenolics 420.4 / 9065 Spectrophotometric 

Water Acidity SM 23108 Titrimetric 

Water 
Calcium Hardness 

SM 2340 C Titrimetric 
(as CaC03) 

Water I Solid Sulfide 90308 Distillation 

Water Sulfide SM 4500-S2 D Spectrophotometric 

Water Sulfide SM 4500-S2 F Titrimetric 

Water I Solid Sulfide 9034 Titrimetric 

Water I Solid Reactive Sulfide 7.3.4.2 Titrimetric 

Water Sulfite SM 4500-S03 z- 8 Titrimetric 

Water 
Total Alkalinity 

SM23208 Titrimetric 
(as CaCOJ) 

Water 
Total Hardness 

SM 2340C Titrimetric 
(as CaC03) 
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SPECIFICATION OR 
SPECIFIC TEST STANDARD * KEY EQUIPMENT 

MATRIX orANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) 

Water Sulfate ASTM 0516 I 9038 Turbidimetric 

Solid 
Total Organic Carbon 

Lloyd Kahn Infrared 
(TOC) 

Total Organic Carbon 
Water (TOC) SM 531 OC I 9060A Oxidation/C02 Det 

Solid 
Total Organic Carbon 

WALKLEY BLACK Titrimetric 
(TOC) 

Solid 
Extractable Organic 

9023 Coulometric Titration 
Halides 

Water 
Dissolved Organic 

SM 53 IOC Titrimetric 
Carbon 

Solid 
Fractional Organic 

ASTM 02974 Gravimetric 
Carbon 

Solid Grain Size · ASTMD422 Size Exclusion 

Water 
Total Organic Halides 

9020B Coulometric Titration 
(TOX) 

Solid 
% Moisture in Soil 

ASTM 02216 Gravimetric 
and Rock 

Solid Shake Extraction ASTM 03987 Water Leaching 

II M" b" 1 . 1 . 1cro 10 021ca 
SPECIFICATION OR 

SPECIFIC TEST STANDARD * KEY EQUIPMENT MATRIX orANALYTE METHOD 
GROUP** (all EPA unless 

OR TECHNOLOGY 

specified) 

Water Fecal Coliform SM 92220 Microbiological 

Heterotrophic 
Water Bacteria SM 9215B Microbiological 

(Std Plate) 

Water 
Total Coliform I 

SM 9223B Microbiological 
E.coli 
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Version 007 

Notes: 
J. 
2. 
3. 

*=As Applicable 
**=Refer to Accredited Analyte listing for specific analytes in which the laboratory is accredited. 
This scope is part of and must be included with the Certificate of Accreditation No. ADE-1542 

Vice President 
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Accredited Analyti::. .... ethods (by matrix) 

TriMatrix Laboratoires, Inc . 

. Grand Rapids, Ml 

Trace Metals 
Aluminuin 200.7 200.8 60lOC 6020A 60IOC 
Antimon 200.7 200.8 60IOC 6020A 60IOC 6020/\ 
Arsenic 200.7 200.8 60tOC 6020A 6010C 6020A 
Barium 200.7 200.8 60IOC 6020A 6010C 6020A 
Ber Ilium 200.7 200.8 6010C 6020A 6010C 6020A 
Boron 200.7 200.8 6010C 6020A 6010C 6020A 
Cadmium 200.7 200.8 6010C 6020A 60IOC 6020A 
Calcium 200.7 6010C 6010C 
Chromium, total 200.7 200.8 6010C 6020A 60lOC 6020A 
Chromium VI SM3500Cr B 7196A 7196A 

Cobalt 200.7 200.8 6010C 6020A 60lOC 6020A 

Co er 200.7 200.8 6010C 6020A 6010C 6020A 

Iron 200.7 6010C 6010C 
Lead 200.7 200.8 6010C 6020A 6010C 6020A 

Lithium 200.7 6010C 60lOC 
Ma nesium 200.7 6010C 6010C 
Man anese 200.7 200.8 6010C 6020A 6010C 6020A 
Mercury 245.1 7470A 74718 
Mercur Low Level) 1631E 

Mol bdenum 200.7 200.8 6010C 6020A 6010C 6020A 

Nickel 200.7 200.8 6010C 6020A 6010C 6020A 

Potassium 200.7 6010C 6010C 

Selenium 200.7 200.8 6010C 6020A 6010C 6020A 

Silver 200.7 200.8 60IOC 6020A 60IOC 6020A 

Sodium 200.7 60IOC 6010C 

Strontium 200. 7 200.8 6010C 6020A 6010C 

Thallium 200.7 200.8 6010C 6020A 6010C 6020A 

Tin 200.7 200.8 6010C 6020A 6010C 6020A 

Titanium 200.7 6010C 60IOC 

Vanadium 200.7 200.8 6010C 6020A 6010C 6020A 

Zinc 200.7 200.8 6010C 6020A 6010C 6020A 

Demands 
TOC SM53 IOC 9060A Walkle Black Lio d Kahn 

COD SM5220D 

DOC-Dissolved Organic Carbon SM5310C 
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Accredited Analytes/Metbods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 
....,..,..,..,,.,.~...,.,..,...,,,.,.,.,...,,.,...,..,..,.,....._,,,..,,,.....,....,.......,,,,_...,...,.~~...,...,.~ 

Misc Anal tes 
Total Alkalinity (as CaC03) SM2320B 

Calcium Hardness as CaC03 SM2340B 
Total Hardness as CaC03 SM2340B SM2340C 
% Moisture in Soil and Rock ASTM 02216 
Total Residue/Solids (TS) SM2540B 3550C 
Filterable Residue (TOS) SM2540C 
l nitabilit 1020A 
Non-Filterable Residue (TSS) SM2540D 
Volatile Residue (VS) SM2540E SM2540G 
Settleable Residue SM2540F 
pH 9040C SM4500H+B 90450 

Sul tide SM4500S2
• 0 SM45oos2

• r 9034 9034 
Total C anide SM4500CN E 9014 9014 
C anide, Amenable SM4500CN G 9014 9014 
Ammonia SM4500NH3 G SM4500NH3 G 

Condlictivit SM25108 9050A 
Nitrogen, Total Kjeldahl (TKN) SM4500Nor 0 SM4500Nur D 
Total Phenolics 420.4 9065 9065 
Total Or •anic Halides TOX) 90208 
Bromide ASTM 01246 300.0 9056A 
Chloride SM4500CI E 9251 300.0 9056A 9056A 
Fluoride SM4500F C 300.0 9056A 9056A 

Nitrate as N SM4500N03 F 300.0 9056A 9056A SM4500N03 F 

Nitrite as N SM4500N02 B SM4500N03 F 300.0 9056A 9056A 

Nitrate +Nitrite as N SM4500N03 F 300.0 9056A 9056A 
ortho- hos hate SM4500P E 
Total Phos horus SM4500P E SM4500P E 
Silica as Si02 SM4500Si02 0 

Sulfate ASTM 0516 9038 300.0 9056A 9056A 
Surfactants - MBAS SM5540C 
f'ecal Coliform SM9222D 
Heterotro hie Bacteria (Std Plate) SM9215B 
Total Colifonl' 'lli SM9223B 
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Accredited Analytes1ivtethods (by matrix) 

TriMatrix Laboratoires, Inc. 

SM2130B 
EOX-Extractablc Organic Halides 9023 
FOC-Fractional Or anic Carbon ASTM 02974 

Petroleum H drocarbons 
SGT-HEM; Non-Polar Material 1664A 9070A 90718 
HEM; Oil and Grease 1664A 9070A 90718 
Gasoline Ran e Or ru1ics (GRO) 8015C Wisconsin GRO 8015C Wisconsin GRO 
Diesel Ran e Organics (DRO) 8015C Wisconsin DRO 8015C Wisconsin DRO 
Oil Ran e Or anics (ORO) 8015C 8015C 

voes 
Acetone 624 82608 82608 
Acetonitrilc 624 82608 82608 
Acrolein 624 82608 82608 
Ac lonitrik: 624 82608 82608 
Benzene 524.2 624 82608 602 8021B 8021B 82608 
Bromobenzem: 524.2 826013 82608 
Bromochloromethane 524.2 8260B 82608 
Bromodichloromethane 524.2 624 8260B 601 8021B 8021B 8260B 
Bromoform 524.2 624 8260B 601 8021B 8021B 826013 

Bromomcthane 524.2 624 82608 601 8021B 80218 82608 
2-8utanonc MEK) 624 826013 826013 

524.2 826013 8260B 
524.2 8260B 82608 

tert-But !benzene 524.2 82608 82608 
Carbon disulfide 624 82608. 82608 
Carbon Tetrachloride 524.2 624 82608 601 80218 80218 82608 

Chlorobenzcne 524.2 624 82608 601 602 80218 80218 82608 

Chlorodibromomethane 524.2 624 82608 601 80218 80218 82608 
Chloroethane 524.2 624 82608 601 80218 80218 82608 

2-Chloroeth lvin !ether 624 82608 601 80218 80218 82608 

Chloroform 524.2 624 82608 601 80218 80218 8260B 

Chloromethane 524.2 624 8260B 601 80218 80218 82608 

2-Chlorotoluene 524.2 82608 82608 

4-Chlorotoluene 524.2 82608 82608 

1,2-Dibromo-3-ch loro ro am: ( Dl3CP) 624 826013 82608 
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Accredited Analytes/Metbods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

1,2-Dibromoctham: (ED8) 624 82608 82608 
Dibromomcthanc 524.2 624 82608 82608 
1,2-Dichlorobcnzerie 524.2 624 82608 601 602 80218 80218 82608 
1.3-Dichlorobcnzene 524.2 624 82608 601 602 8021B 8021B 82608 
1,4-Dichlorobcnzene 524.2 624 82608 601 602 80218 80218 82608 
Dichloroditluoromcthane 524.2 624 82608 601 80218 80218 82608 
I, 1-Dichloroethane 524.2 624 82608 601 80218 80218 82608 
1,2-Dichloroelhane 524.2 624 82608 601 80218 80218 82608 
I, 1-Dichloroethene 524.2 624 82608 601 80218 80218 82608 
cis -1,2-Dichloroethene 524.2 624 82608 601 80218 80218 82608 
trans -1,2-Dich loroethene 524.2 624 82608 601 80218 80218 82608 
Dichloromethane (Meth Jene Chloride) 524.2 624 82608 601 80218 80218 82608 

524.2 624 82608 601 80218 80218 82608 
. 524.2 82608 82608 
524.2 82608 82608 
524.2 82608 82608 
524.2 624 82608 601 80218 80218 82608 
524.2 624 82608 601 80218 80218 82608 

82608 82608 
524.2 624 82608 602 80218 80218 82608 

Ethanol 82608 8015C 8015C 82608 
1, I ,2-trichloro-1,2,2-trilluoroethane (Freon 113) 82608 82608 
Hexachlorobutadiene 524.2 624 82608 82608 
2-Hexanone 624 82608 82608 

524.2 624 82608 82608 
524.2 82608 82608 

624 82608 82608 

524.2 624 8260B 82608 

524.2 624 82608 82608 

524.2 82608 82608 

524.2 624 82608 82608 

82608 82608 

524.2 624 82608 82608 

1.1,2.2-Tetrachloroethane 524.2 624 82608 601 80218 80218 82608 

Tetrachloroethene 524.2 624 82608 601 80218 80218 82608 

Toluene 524.2 624 8260B 602 8021B . 80218 82608 

1.2.3-Trichloro~ ''IC 524.2 8260B 1r -~~ 
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Accredited Analyte:., .. ~<!!bods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

624 82608 601 80218 80218 
l, l,2-Trichloroetharn: 524.2 624 82608 601 80218 80218 82608 
Trichloroethenc 524.2 624 82608 601 80218 80218 82608 
Trichlorolluoromcthanc (Freon 11) 524.2 624 82608 601 80218 80218 82608 
1,2,3-Trichloro ro ane 524.2 624 82608 82608 
1,2,4-Trimethylbenzene 524.2 82608 82608 
1,3,5-Trimeth !benzene 524.2 82608 82608 
Vin I acetate 624 82608 82608 
Vin I chloride 524.2 624 82608 601 80218 80218 82608 

624 82608 602 82608 
m+ -X lene 624 82608 602 82608 
X lenes, total 524.2 624 82608 602 80218 80218 82608 

SVOCs - Base/Neutrals/ Acids 
Acena hthene 8270C SIM 625 8270C 8270C 8270C SIM 
Acena hth Jene 8270C SiM 625 8270C 8270C 8270C SIM 
Aniline 625 8270C 8270C 
Anthracene 8270C SIM 625 8270C 8270C 8270C SIM 

8270C SIM 625 8270C 8270C 8270C SIM 
8270C SIM 625 8270C 8270C 8270C SIM 
8270C SIM 625 8270C 8270C 8270C SIM 
8270C SIM 625 8270C 8270C 8270C SIM 
8270C SIM 625 8270C 8270C 8270C SIM 

8enzidine 625 8270C 8270C 
625 8270C 8270C 
625 8270C 8270C 
625 8270C 8270C 
625 8270C 8270C 

Carbazole 8270C 8270C 
4-Chloroaniline 625 8270C 8270C 
bis 2-Chloroethox )methane 625 8270C 8270C 
bis 2-Chloroeth !)ether 625 8270C 8270C 
bis(2-Chloroios ro I) ether 625 8270C 8270C 

4-Chloro-3-meth I henol 625 8270C 8270C 
625 8270C 612 8121 8270C 8121 
625 8270C 8270C 
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Accredited Analytes/Metbods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

Chr scnc 8270C SIM 8270C 8270C 8270C SIM 
Dibenzo(a.h)anthrai::cne 8270C SIM 625 8270C 8270C 8270C SIM 
Dibenzofuran 625 8270C 8270C 
Di-n-but I hthalatc . 625 8270C 8270C 
l ,2-Dichlorobcnzene 625 8270C 612 8121 8270C. 8121 
1,3-Dichlorobenzene 625 8270C 612 8121 8270C 8121 
1,4-Dichlorobenzene 625 8270C 612 8121 8270C 8121 
3,3'-Dichlorobenzidine 625 8270C 8270C 
2,4-Dichloro henol 625 8270C 8270C 

625 8270C 8270C 
625 8270C . 8270C 
625 8270C 8270C 
625 8270C 8270C 

8270C 8270C 
625 8270C 8270C 

2,4-Dinitrotoluene 625 8270C 8270C 
2,6-Dinitrotoluene 625 8270C 8270C 
Di-n-oc I hthalate 625 8270C 8270C 
Dinoseb 8270C 8270C 
1,4-Dioxane 8270C 
bis 2-eth lhex I) hthalate 625 8270C 8270C 
Fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM 

Fluorene 8270C SIM 625 8270C 8270C 8270C SIM 

Hexachlorobenzene 625 8270C 612 8121 8270C 8121 

Hexachlorobutadiene 625 8270C 612 8121 8270C 8121 

Hexachloroc clo entadicne 625 8270C 612 8121 8270C 8121 

625 8270C 612 8121 8270C 8121 

8270C SIM 625 8270C 8270C 8270C SIM 

625 8270C 8270C 
625 8270C 8270C 
625 8270C 8270C 

I hcnol) 625 8270C 8270C 
8270C SIM 625 8270C 8270C 8270C SIM 

8270C SIM 625 8270C 8270C 8270C SIM 

2-Nitroanilim: 625 8270C 8270C 

3-Nitroaniline 62:" 8270C 8270C 
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Accredited Analytest!Vlethods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

8270C 
Nitrobcnzcnc 625 8270C 8270C 
2-Nitro henol 625 8270C 8270C 
4-Nitro hcnol 625 8270C 8270C 
4-nitro uinoline-1-oxide 8270C 8270C 

625 8270C 8270C 
625 8270C 8270C 
625 8270C 8270C 

I amine 625 8270C 8270C 
Pentachlorobenzene 625 8270C 8270C 
Pentachloro henol 625 8270C 8270C 
Phenanthrene 8270C SIM 625 8270C 8270C 8270C SIM 
Phenol 625 8270C 8270C 

8270C SIM 625 8270C 8270C 8270C SIM 
P ridine 625 8270C 8270C 
1,2,4,5-Tetrachlorobenzene 625 8270C 8270C 
2,3,4,6-Tetrachloro henol 625 8270C 8270C 
o-Toluidine 625 8270C 8270C 
1,2,4-Trichlorobenzene 625 8270C 612 8121 8270C 8121 
2,4,5-Trichloro henol 625 8270C 8270C 
2,4,6-Trichloro henol 625 8270C 8270C 

Nitroaromatie and Nitramines 
4-Arnino-2,6-dinitrotoluene 8330A 8330A 
2-Amino-4,6-dinitrotoluene 8330A 8330A 
1,3-Dinitrobenzene 8330A 8330A 
2,4-Dinitrotoluene 8330A 8330A 
2,6-Dinitrotoluene 8330A 8330A 
HMX Octah dro-l,3,5,7-tetranitro-1,3,5,7-tetrazocine) 8330A 8330A 
Nitro benzene 8330A 8330A 
Nitro I cerin 8330A 8332 8330A 8332 

2-Nitrotoluene 8330A 8330A 

3-Nitrotoluene 8330A 8330A 

4-Nitrotoluene 8330A 8330A 

Pentae thritoltetranitrate 8330A 8332 8330A 8332 

RDX (hexah dro-l ,3,5-trinitro-1,3,5-triazine) 8330A 8330A 

Tet 8330A 8330A 
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Accredited Analytes/Methods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

1,3 ,5-Trin itrobcnzcnc 8330A 8330A 
2,4,6-Trinitrotolucnc 8330A 8330A 

Pesticides 
Aldrin 608 80818 80818 
al ha-8HC 608 80818 80818 

608 80818 80818 
608 80818 80818 

amma-8HC (Lindam:) 608 80818 80818 
al ha-Chlordane 608 80818 80818 

am ma-Chlordane 608 80818 80818 
Chlordane (technical) 608 80818 80818 
DDD (4,4) 608 80818 80818 
DDE (4,4) 608 80818 80818 
DDT (4,4) 608 80818 80818 
Dieldrin 608 80818 80818 
Endosulfan I 608 80818 80818 
Endosulfan II 608 80818 80818 
Endosulfan sulfate 608 80818 80818 
Endrin 608 80818 80818 
Endrin aldeh de 608 80818 80818 

608 80818 80818 
608 80818 80818 
608 80818 80818 

608.2 80818 80818 
608 8081B 80818 

Or ano hoshorus Pesticides 
Dimethoate 8270C 8270C 

Dichlorvos 8270C 8270C 
Disulfoton . 8270C 8270C 

Parathion, eth 8270C 8270C 
Parathion, meth 8270C 8270C 

Phoratc 8270C 8270C 
· Sulfote 8270C 8270C 

Herbicides 
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Accredited Analytt •. _ .• iithods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

2,4.5-TP (Silvcx) 8l51A 8l51A 
2,4-D 8l51A 8l5LA 
2,4-DB 815LA 8151A 
Dala on 8151A 815LA 
Dicamba 8l51A 8151A 
Dichloro ro 8151A 8151A 
Dinoseb 8151A 8151A 
MCPA 8151A 8151A 
MCPP 8151A 8151A 
Pentachloro henol 8151A 8151A 
Picloram 8151A 8151A 

PCBs 
Ai'oclor I 016 608 8082A 8082A 
Aroclor 1221 608 8082A 8082A 
Aroclor 1232 608 8082A 8082A 
Aroclor 1242 608 8082A 8082A 
Aroclor 1248 608 8082A 8082A 
Aroclor 1254 608 8082A 8082A 
Aroclor 1260 608 8082A 8082A 

Misc. Anal tes -Additional 
Iron, Ferrous SM 3500Fe B 
C anide, Available OIA-1677 OIA-1677 
Acidi SM 2310 B 

Sulfite SM 4500SQ, 2• B 
Paint Filter Li uids Test 90958 
Color SM2120B 

Acid Volatile Sulfides (AVS/SEM) EPA-82 l-R-91-100 
Grain Size ASTM 0422-63 
Reactive Sulfide 7.3.4.2 7.4.3.2 

PCBs - Additional Aroclors 
Aroclor 1262 608 8082A 8082A 
Aroclor 1268 608 8082A 8082A 
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Accredited Analytes/Metbods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 
~~="'~,.,.,.,,,..,.,.,.,..,..,,.,..,.,,...,,.,.,.,..,.,...,,.,.,.,.,...,.,,,...~.,...,,.,,,,..,. 

Misc. Organics 
Ethane RSK-175 
Ethylene RSK-175 
Methane RSK-175 

Additional Com ounds 
Volatiles 
1,2-dibromo-3-chloropro ane 8011 
1,2-dibromocthane 80 II 
1,2,3-Trimeth !benzene 82608 82608 
1,4-dioxane 82608 82608 
1-chlorohexane 8260B 82608 
sec-butanol 8015C 8260B 8015C 82608 
2-chloro-1,3-butadiene (Chloroprene) 82608 82608 

82608 82608 
82608 82608 
82608 82608 
8260B 82608 
82608 82608 

8015C 8015C 
8260B 82608 
8260B 82608 
8260B 82608 

hexachloroethane 8260B 82608 
hexane 8260B 82608 
iodomethane .8260B 82608 

isobutanol 8015C 8260B 8015C 82608 
8015C 8260B 8015C 82608 

8260B 82608 
8015C 8015C 

8260B 82608 

82608 82608 

82608 82608 

n-butanol 8015C 8260B 8015C 82608 

n-butvl acetate 8260B 82608 

n-pro anol 801~r 8260B 8015C p~ . -~"\ 
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Accredited Analytes11vtethods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml -------

8015C 826013 8015C. 826013 
tetrah drofuran 8260B 82608 
trans -1,4,dichloro-2-butene 8260B 8260B 
trichlorotrilluoromethane 826013 82608 

SVOCs - Base/Neutrals/Acids 
I, I '-8i henyl 8270C 8270C 
I ,2-Bis(2-chloroelhoxy)ethane 8270C 8270C 
1,2-Di henylhydrazine 8270C 8270C 
1,3 Dinitrobenzene 8270C 8270C 
1,4-Naphthoquinone 8270C 8270C 
1,4-Phenylenediamine 8270C 8270C 
I-Meth Ina hthalene 8270C 8270C 

8270C 8270C 
8270C 8270C 

2-Acet laminotluorene 8270C 8270C 

2-Chloroaniline 8270C 8270C 

2-Na hth lamim: 8270C 8270C 
2-Picoline 8270C 8270C 
3,3'-Dimeth lbenzidine 8270C 8270C 
3-Meth lchloanlhrene 8270C 8270C 
4-Aminobi hen I 8270C 8270C 

5-Nitro-o-toluidine 8270C 8270C 
7, 12-Dimethvlbenz(a)anlhracene 8270C 8270C 
a.a-Dimeth I henethvlamine 8270C 8270C 
Ac1:to henoni;: 8270C 8270C 
Aramite 8270C 8270C 

Atrazine 8270C 8270C 

Benzaldeh di;: 8270C 8270C 

I) adi at1: 8270C 8270C 

Ca rolactam 8270C 8270C 

Chlorobenzilate 8270C 8270C 

Diallate 8270C 8270C 

Dicyclohex I Phthalate 8270C 8270C 

Eth l Methacr late 8270C 8270C 

Ethyl Melhansulfonat..: 8270C 8270C 
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Accredited Analytes/Methods (by matrix) 

TriMatrix Laboratoires, Inc. 

Grand Rapids, Ml 

Hcxachloro hcnc 8270C 
Hexachloro ro enc 8270C 8270C 
lsodrin 8270C 8270C 
lsosafrole 8270C 8270C 

8270C 8270C 
8270C 8270C 

late 8270C 8270C 
Methyl Methanesulfonate 8270C 8270C 
N-Nitroso-di-n-bu !amine 8270C 8270C 

8270C 8270C 
8270C 8270C 
8270C 8270C 
8270C 8270C 
8270C 8270C 

Phenacetin 8270C 8270C 
Pentachloroethane 8270C 8270C 
Pentachloronitrobenzene 8270C 8270C 
Pronamide 8270C 8270C 
Safrole 8270C 8270C 
Thionazin 8270C 8270C 
1,3,5-Trinitrobenzene 8270C 8270C 

8315A 8315A 
8315A 8315A 

Pro anal 8315A 8315A 
Crotonaldeh de 8315A 8315A 
Butanal 8315A 8315A 
Pentanal 8315A 8315A 
C clohexanoi1e 83 ISA 8315A 
m-Tolualdeh de 8315A 8315A 
Hexanal 8315A 8315A 
Heptanal 83 ISA 8315A 

Octanal 8315A 8315A 
Noirnnal 8315A 8315A 

Decanal 8315A 8315A 
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Environmental Laboratory Certification Program 

Scope of Certification 

Certified Minnesota Environmental Laboratories 

THIS LISTING OF CERTIFIED FIELDS OF TESTING MUST BE 

ACCOMPANIED BY CERTIFICATE NUMBER: 491715 

State Laboratory ID: 026-999-161 EPA Lab Code: MI00005 

Trimatrix Laboratories, Inc. 

5560 Corporate Exchange Court Se 

Grand Rapids, MI 49512 

ASTM 0516-90 

Preparation Techniques: NI A 

'rogram Method Analyte 

CWP ASTM D5 l 6-90 Sulfate 

EPA 160.4 

Preparation Techniques: NIA 

Program Method Analyte 

CWP EPA 160.4 Residue-volatile 

EPA 1631E 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte 

CWP EPA 1631E Mercury 

Printed on 0 l /04/20 l 3 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Expiration Date: 12/31/2013 

Issue Date: 11/28/2012 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 
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EPA 1664A (HEM) 

Preparation Techniques: Extraction, separatory funnel liquid-liquid (LLE); 

Program Method Analyte Matrix SOP 

CWP EPA 1664A (HEM) Oil & Grease NPW FL 

EPA 1664A (SGT-HEM) 

Preparation Techniques: Extraction, separatory funnel liquid-liquid (LLE); 

Program Method Analyte Matrix Primary SOP 

CWP EPA 1664A (SGT-HEM) Oil & Gre~e NPW FL 

EPA 200.7 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte Matrix Primary SOP 

CWP EPA 200.7 Aluminum NPW FL 

CWP EPA 200.7 Arsenic NPW FL 

CWP EPA 200.7 Barium NPW FL 

CWP EPA 200.7 Beryllium NPW FL 

CWP EPA 200.7 Boron NPW FL 

CWP EPA 200.7 Cadmium NPW FL 

CWP EPA 200.7 Cakium NPW FL 

CWP EPA 200.7 Cobalt NPW FL 

CWP EPA 200.7 Copper NPW FL 

CWP EPA 200.7 Iron NPW FL 

CWP EPA 200.7 Lead NPW FL 

CWP EPA 200.7 Magnesium NPW FL 

CWP EPA 200.7 Manganese NPW FL 

CWP EPA 200.7 Molybdenum NPW FL 

CWP EPA 200.7 Nickel NPW FL 

CWP EPA 200.7 Potassium NPW FL 

CWP EPA 200.7 Selenium NPW FL 

CWP EPA 200.7 Silver NPW FL 

CWP EPA 200.7 Sodium NPW FL 

CWP EPA 200.7 Thallium NPW FL 
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Program Method 

CWP 

;wp 

CWP 

CWP 

EPA 200.8 

EPA Z00.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

Analyte 

Tin 

Total chromium 

Vanadium 

Zinc 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte 

CWP EPA 200.8 Antimony 

CWP EPA 200.8 Arsenic 

CWP EPA 200.8 Barium 

CWP EPA 200.8 Beryllium 

CWP EPA 200.8 Cadmium 

CWP EPA 200.8 Cobalt 

CWP EPA 200.8 Copper 

CWP EPA 200.8 Lead 

··WP EPA 200.8 Manganese 

CWP EPA 200.8 Molybdenum 

CWP EPA 200.8 Nickel 

CWP EPA 200.8 Selenium 

CWP EPA 200.8 Silver 

CWP EPA 200.8 Thallium 

CWP EPA 200.8 Total chromium 

CWP EPA 200.8 Vanadium 

CWP EPA 200.8 Zinc 

EPA 245.1 

Preparation Techniques: NIA 

Program Method Analyte 

CWP EPA 245.I Mercury 

Printed on 0I/04/2013 

Matrix 

NPW 

NPW 

NPW 

NPW 

Matrix 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

NPW 

Matrix 

NPW 

Primary 

FL 

FL 

FL 

FL 

Primary 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

Primary 

FL 

SOP 

SOP 

SOP. 
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EPA300.0 

Preparation Techniques: NI A 

Program Method Analyte Matrix Primary SOP 

CWP EPA 300.0 Chloride NPW FL 

CWP EPA 300.0 Fluoride NPW FL 

CWP EPA 300.0 Nitrate as N NPW FL 

CWP EPA 300.0 Nitrite as N NPW FL 

CWP EPA 300.0 Sulfate NPW FL 

EPA351.2 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte Matrix Primary SOP 

CWP EPA 351.2 Kjeldahl nitrogen - total NPW FL 

EPA 420.4 

Preparation Techniques: Distillation, macro; 

Program Method Analyte Matrix Primary SOP 

CWP EPA 420.4 Total Phenolics NPW FL 

EPA608 

Preparation Techniques: Extraction, separatory funnel liquid-liquid (LLE); 

Program Method Analyte Matrix Primary SOP 

CWP EPA 608 4.4'-DDD NPW FL 

CWP EPA 608 4,4'-DDE NPW FL 

CWP EPA 608 4,4'-DDT NPW FL 

CWP EPA 608 Aldrin NPW FL 

CWP EPA 608 alphacBHC (alpha- NPW FL 
Hexachlorocyclohexane) 

CWP EPA 608 Aroclor-1016 (PCB-1016) NPW FL 

CWP EPA608 Aroclor-1221 (PCB-1221) NPW FL 

CWP EPA 608 Aroclor-1232 (PCB-1232) NPW FL 

CWP EPA 608 Aroclor-1242 (PCB-1242) NPW FL 
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Program Method Analyte Matrix Primary SOP 

CWP EPA 608 Aroclor-1248 (PCB-1248) NPW FL 

WP EPA 608 Aroclor-1254 (PCB-1254) NPW FL 

CWP EPA 608 Aroclor-1260 (PCB-1260) NPW FL 

CWP EPA 608 beta-BHC (beta-Hexachlorocyclohexane) NPW FL 

CWP EPA 608 Chlordane (tech.) NPW FL 

CWP . EPA 608 delta-BHC NPW FL 

CWP EPA 608 Dieldrin NPW FL 

CWP EPA 608 Endosulfan I NPW FL 

CWP EPA 608 Endosul fan II NPW FL 

CWP EPA 608 Endosulfan sulfate NPW FL 

CWP EPA 608 Endrin NPW FL 

CWP EPA 608 Endrin aldehyde NPW EL 

CWP EPA 608 gamma-BHC (Lindane, gamma- NPW FL 
HexachlorocyclohexanE) 

CWP EPA 608 . Heptachlor NPW FL 

CWP EPA 608 Heptachlor epoxide NPW FL 

CWP EPA 608 Toxaphene (Chlorinated camphene) NPW FL 

,;A 624 

Preparation Techniques: Purge and trap; 

Program Method Analyte Matrix Primary SOP 

CWP EPA 624 I, l, I-Trichloroethane NPW FL 

CWP EPA 624 I, 1,2,2-Tetrachloroethane NPW FL 

CWP EPA 624 l, 1,2-Trichloroethane NPW FL 

CWP EPA 624 I, 1-Dichloroethane NPW FL 

CWP EPA 624 I, 1-Dichloroethylene NPW FL 

CWP EPA 624 l ,2-Dichlorobenzene NPW FL 

CWP EPA 624 1,2-Dichloroethane (Ethylene dichloride) NPW FL 

CWP EPA 624 l ,2-Dichloropropane NPW FL 

CWP EPA 624 1,3-Dichlorobenzene NPW FL 

CWP EPA 624 1,4-Dichlorobenzene NPW FL 

CWP EPA 624 2-Chloroethyl vinyl ether NPW FL 

CWP EPA 624 Acrolein (Propenal) NPW FL 

~WP EPA 624 Acrylonitrile NPW FL 

YVP EPA 624 Benzene NPW FL 
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Program Method Analyte Matrix Primary SOP 

CWP EPA 624 Bromodichloromethane NPW FL 

CWP EPA 624 Bromoform · NPW FL 

CWP EPA 624 Carbon tetrachloride NPW FL 

CWP EPA 624 Chlorobenzene NPW FL 

CWP EPA 624 Chlorodibromomethane NPW FL 

CWP EPA 624 Chloroethane (Ethyl chloride) NPW FL 

CWP EPA 624 Chloroform NPW FL 

CWP EPA 624 cis-1,3-Dichloropropene NPW FL 

CWP EPA624 Ethylbenzene NPW FL 

CWP EPA 624 Methyl bromide (Bromomethane) NPW FL 

CWP EPA 624 Methyl chloride (Chloromethane) NPW FL 

CWP EPA 624 Methylene chloride (Dichloromethane) NPW FL 

CWP EPA 624 Tetrachloroethylene ( Perchloroethylene) NPW FL 

CWP EPA 624 Toluene NPW FL 

CWP EPA 624 trans-1,2-Dichloroethylene NPW FL 

CWP EPA 624 trans-1,3-Dichloropropylene NPW FL 

CWP EPA 624 Trichloroethene (Trichloroethylene) NPW FL 

CWP EPA 624 T richlorofl uoromethane NPW FL 
(Fluorotrichloromethane, Freon 11) 

CWP EPA 624 Vinyl chloride . NPW FL 

EPA625 

Preparation Techniques: Extraction, separatory funnel liquid-liquid (LLE); 

Program Method Analyte Matrix Primary SOP 

CWP EPA 625 1,2,4-Trichlorobenzene NPW FL 

CWP EPA 625 2,4,6-Trichlorophenol NPW FL 

CWP EPA 625 2.4-Dichlorophenol NPW FL 

CWP EPA 625 2,4-Dimethylphenol NPW FL 

CWP EPA 625 2,4-Dinitrophenol NPW FL 

CWP EPA 625 2,4-Dinitrotoluene (2,4-DNT) NPW FL 

CWP EPA 625 2,6-Dinitrotoluene (2,6-DNT) NPW FL 

CWP EPA 625 2-Chloronaphthalene NPW FL 

CWP EPA 625 2-Chlorophenol NPW FL 

CWP EPA 625 2-Methyl-4,6-dinitrophenol ( 4,6-Dinitro- NPW FL 
2-methylphenol) 

CWP EPA 625 2-Nitrophenol NPW FL 
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Program Method Analyte Matrix Primary SOP 

CWP EPA 625 3,3'-Dichlorobenzidine NPW FL 

WP EPA 625 4-Bromophenyl phenyl ether NPW FL 

CWP EPA 625 4-Chloro-3"methylphenol NPW FL 

CWP EPA 625 4-Chlorophenyl phenylether NPW FL 

CWP EPA 625 4-Nitrophenol NPW FL 

CWP EPA 625 Acenaphthene NPW FL 

CWP EPA 625 Acen>1phthylene NPW FL 

CWP EPA 625 Anthracene NPW FL 

CWP EPA 625 Benzidine NPW FL 

CWP EPA 625 Benzo( a)anthracene NPW FL 

CWP EPA 625 Benzo(a)pyrene NPW FL 

CWP EPA 625 Benzo(g,h,i)perylene NPW FL 

CWP EPA 625 Benzo(k)fluoranthene NPW FL 

CWP EPA 625 Benzo[b ]fluoranthene NPW FL 

CWP EPA 625 bis(2-Chloroethoxy)methane NPW FL 

CWP EPA 625 bis(2-Chloroethyl) ether NPW FL 

CWP EPA 625 bis(2-Chloroisopropyl) ether NPW FL 

CWP EPA 6Z5 Butyl benzyl phthalate NPW FL 

WP EPA 625 Chrysene NPW FL 

CWP EPA625 Di(2-ethylhexyl) phthalate (bis(2- NPW FL 
Ethylhexyl)phthalate, DEHP) 

CWP EPA 625 Di-n-butyl phthalate NPW FL 

CWP EPA 625 Di-n-octyl phthalate NPW FL 

CWP EPA 625 Dibenz(a,h) anthracene NPW FL 

CWP EPA 625 Diethyl phthalate NPW FL 

CWP EPA 625 Dimethyl phthalate NPW FL 

CWP EPA 625 Fluoranthene · NPW FL 

.CWP EPA 625 Fluorene NPW FL 

CWP EPA 625 Hexaclilorobenzene NPW FL 

CWP EPA 625 Hexachlorobutadiene NPW· FL 

CWP EPA 625 Hexachlorocyclopentadiene NPW FL 

CWP EPA 625 Hexachloroethane NPW FL 

CWP EPA 625 lndeno( 1,2,3-cd) pyrene NPW FL 

CWP EPA 625 ·lsophorone NPW FL 

CWP EPA 625 n-Nitrosodi-n-propylamine NPW FL 

."WP EPA 625 n-Nitrosodimethylamine NPW FL 

.::WP EPA 625 n-Nitrosodiphenylamine NPW FL 
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Program Method Analyte Matrix Primary SOP 

CWP EPA 625 Naphthalene NPW FL 

CWP EPA 625 Nitrobenzene NPW FL 

CWP EPA 625 Pentachlornphenol NPW FL 

CWP EPA 625 Phenanthrene NPW FL 

CWP EPA 625 Phenol NPW FL 

CWP EPA 625 Pyrene NPW FL 

OIA 1677 

Preparation Techniques: Distillation, MIDI; Distillation, macro; 

Program Method Analyte Matrix Primary SOP 

CWP OIA 1677 Free cyanide NPW FL 

SM2120 B-93 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2120 B-93 Color NPW FL 

SM 2130 B-94 

Preparation Techniques: NI A 

Program Method Analyte Matrix Primary SOP 

CWP SM 2130 B-94 Turbidity NPW FL 

SM 2310 B-97 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2310 B-97 Acidity, as CaC03 NPW FL 

SM232.0B-m 
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Preparation Techniques: NI A 

.'rogram Method Analyte Matrix Primary SOP 

CWP SM 2320 B-97 Alkalinity as CaC03 NPW FL 

SM 2340 B-97 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2340 B-97 Total hardness as CaC03 NPW FL 

SM 2340 C-97 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2340 C-97 Total hardness as CaC03 NPW FL 

I 2510 B-97 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2510 B-97 Conductivity NPW FL 

SM 2540 B-97 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

CWP SM 2540 B-97 Residue-total NPW FL 

SM 2540 C-97 

Preparation Techniques: NIA. 

"'t:Ogram Method Analyte Matrix Primary SOP 

vVP SM 2540 Cc97 Residue-filterable (TDS) NPW FL 
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SM 2540 D-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 2540 D-97 

SM 2540 F-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 2540 F-97 

SM 3500-Cr B-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 3500-Cr B-97 

SM 3500-Fe B-97 

Preparation Techniques: NI A 

Program Method 

CWP SM 3500-Fe B-97 

SM 4500-CCE-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-Cl-E-97 

SM 4500-CN-E-97 

Analyte 

Residue-nonfilterable (TSS) 

Analyte 

Residue-settleable 

Analyte 

Chromium VI 

Analyte 

Iron 

Analyte 

Chloride 

Preparation Techniques: Distillation, MIDI; Distillation, macro; 

Printed on 01/04/2013 

Matrix · Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 
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Program Method Analyte 

CWP SM 4500-CN-E-97 Total Cyanide 

SM 4500-F-C-97 

Preparation Techniques: Distillation, MIDI; Distillation, macro; 

Program Method 

CWP SM 4500-F-C-97 

SM 4500-H+ B-96 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-H+ B-96 

SM 4500-NH3 G-97 

Analyte 

Fluoride 

Analyte 

pH 

0 reparation Techniques: Distillation, MIDI; Distillation, macro; · 

Program Method 

CWP SM 4500-NH3 G-97 

SM 4500-N02-B-93 

Preparation Techniques: NI A 

Program Method 

CWP SM 4500-N02-B-93 

SM 4500:..No3-F-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-N03-F-97 

NP SM 4500-N03-F-97 

...;wp SM 4500-N03-F-97 

Printed on 01/04/2013 

Analyte 

Ammonia as N 

Analyte 

Nitrite as N 

Analyte 

Nitrate as N 

Nitrate-nitrite 

Nitrite as N 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

Matrix Primary SOP 

NPW FL 

NPW FL 

NPW FL 
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SM 4500-P E-97 

Preparation Techniques: NIA 

Program Method 

CWP 

CWP 

SM 4500-P E-97 

SM 4500-P E-97 

SM 4500-S2-D-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-S2-D-97 

SM 4500-S2-F-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-S2-F-97 

SM 4500-Si02 C-97 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-Si02 C-97 

SM 4500-S03-B-96 

Preparation Techniques: NIA 

Program Method 

CWP SM 4500-S03-B-96 

SM 5210 B 

Preparation Techniques: NI A 
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Analyte 

Orthophosphate as P 

Total Phosphorus 

Analyte 

Sulfide 

Analyte 

Sulfide 

·Analyte 

Silica-dissolved 

Analyte 

Sulfite-S03 

Matrix 

NPW 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Primary SOP 

FL 

FL 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 
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Program Method Analyte. 

CWP SM 5210 B Carbonaceous BOD, CBOD 

SM 5220 D-97 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte 

CWP SM 5220 D-97 Chemical oxygen demand 

SM 5310 C-96 

Preparation Techniques: NIA 

Program Method Analyte 

CWP SM 5310 C-96 Total Organic Carbon 

SM 5540 C-93 
0reparation Techniques: N/A 

Program Method Analyte 

CWP SM 5540 C-93 Surfactants - MBAS 

EPA 1020A 

Preparation Techniques: N/A 

Program Method Analyte 

RCRP EPA 1020A lgnitability 

EPA 6010B 

Preparation Techniques: Digestion, hotplate or HotBlock; 

0 rogram Method Analyte 

EPA 60108 Aluminum 

Printed on 0l/04/2013 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

NPW 

Matrix 

SCM 

Matrix 

NPW 

Primary SOP . 

FL 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 

Primary SOP 

FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 6010B Aluminum SCM FL 

RCRP EPA 6010B Arsenic NPW FL 

RCRP EPA 6010B Arsenic SCM FL 

RCRP EPA 6010B Barium SCM FL 

RCRP EPA 6010B Barium NPW FL 

RCRP EPA6010B Beryllium NPW FL 

RCRP EPA 6010B Beryllium SCM FL 

RCRP EPA 6010B Boron SCM FL 

RCRP EPA6010B Boron NPW FL 

RCRP EPA 6010B Cadmium SCM FL 

RCRP EPA 6010B Cadmium NPW FL 

RCRP EPA 6010B Calcium NPW FL 

RCRP EPA 6010B Calcium SCM FL 

RCRP EPA 6010B Chromium SCM FL 

RCRP EPA 6010B Cobalt NPW FL 

RCRP EPA 60lOB Cobalt SCM FL 

RCRP EPA 6010B Copper SCM FL 

RCRP EPA 6010B Copper NPW FL 

RCRP EPA 6010B Iron. SCM FL 

RCRP EPA 6010B Iron NPW FL 

RCRP EPA 60lOB Lead NPW FL 

RCRP EPA 6010B Lead SCM FL 

RCRP EPA 6010B Lithium SCM FL 

RCRP EPA 60!0B Lithium NPW FL.·· 

RCRP EPA 6010B Magnesium NPW FL 

RCRP EPA 6010B Magnesium SCM FL 

RCRP EPA 6010B Manganese SCM FL 

RCRP EPA 60lOB Manganese NPW FL 

RCRP EPA 6010B Molybdenum SCM FL 

RCRP EPA 60IOB Molybdenum NPW FL 

RCRP EPA 6010B Nickel SCM FL 

RCRP EPA 60!0B Nickel NPW FL 

RCRP EPA60!0B Potassium NPW FL 

RCRP EPA 6010B Potassium SCM FL 

RCRP EPA 60!0B Selenium SCM FL 

RCRP EPA 60!0B Selenium NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 6010B Silver NPW FL 

.CRP EPA 6010B Silver SCM FL 

RCRP EPA6010B Sodium NPW FL 

RCRP EPA6010B Sodium SCM FL 

RCRP EPA 6010B Strontium SCM FL 

RCRP EPA6010B Strontium NPW FL 

RCRP EPA 6010B Thallium SCM FL 

RCRP EPA 6010B Thallium NPW FL 

RCRP EPA6010B Tin NPW FL 

RCRP EPA 6010B Tin SCM FL 

RCRP EPA6010B Titanium NPW FL 

RCRP EPA 6010B Titanium SCM FL 

RCRP EPA6010B Total chromium NPW FL 

RCRP EPA 6010B Vanadium SCM FL 

RCRP EPA 6010B Vanadium NPW FL 

RCRP EPA 6010B Zinc NPW FL 

RCRP EPA 6010B Zinc SCM FL 

EPA6020 

Preparation Techniques: Digestion, hotplate or HotBlock; 

Program Method Analyte Matrix Primary SOP 

· RCRP EPA 6020 Antimony NPW FL 

RCRP EPA 6020 Antimony SCM FL 

RCRP EPA 6020 Arsenic SCM FL 

RCRP EPA 6020 Arsenic NPW FL 

RCRP EPA 6020 Barium SCM FL 

RCRP EPA 6020 Barium NPW FL 

RCRP EPA 6020 Beryllium NPW FL 

RCRP EPA 6020 Beryllium SCM FL 

RCRP EPA 6020 Cadmium SCM FL 

RCRP EPA 6020 Cadmium NPW FL 

RCRP EPA 6020 Chromium SCM FL 

RCRP EPA 6020 Cobalt SCM FL 

CRP EPA 6020 Cobalt NPW FL 
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Program Method 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

RCRP EPA 6020 

EPA 7196A 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 7196A 

EPA 7470A 

PreparationTechniques: NIA 

Program Method 

RCRP. EPA 7470A 

EPA7471A 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 7471A 

Printed on 0 l /04/20 I 3 

Analyte Matrix Primary SOP 

Copper NPW FL 

Copper SCM FL 

Lead NPW FL 

Lead SCM FL 

Manganese NPW FL 

Manganese SCM FL 

Nickel NPW FL 

Nickel SCM FL 

Silver NPW FL 

Silver SCM FL 

Thallium NPW FL 

Thallium SCM FL 

Total chromium NPW FL 

Zinc NPW FL 

Zinc SCM FL 

Analyte Matrix Primary SOP 

Chromium VI NPW FL 

Analyte Matrix Primary SOP 

Mercury NPW FL 

Analyte Matrix Primary SOP 

Mercury SCM FL 
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EPA8015B 

Preparation Techniques: Purge and trap; Extraction, EPA 1312 SPLP, zero headspace (ZHE); Extraction, separatory funnel liquid

uid (LLE); Extraction, ultrasonic; Extraction, pressurized fluid (PFE); Extraction, EPA 1311 TCLP, zero headspace (ZHE); 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 80158 Ethanol NPW FL 

RCRP EPA80158 Ethanol SCM FL 

RCRP EPA 80158 lsobutyl alcohol (2-Methyl-1-propanol) NPW FL 

RCRP EPA 80158 lsobutyl alcohol (2-Methyl-1-propanol) SCM FL 

RCRP EPA 80158 !sopropyl alcohol (2-Propanol, SCM FL 
lsopropanol) 

RCRP EPA 80158 lsopropyl alcohol (2-Propanol, NPW FL 
lsopropanol) 

RCRP EPA80158 Methanol NPW FL 

RCRP EPA 80158 Methanol SCM FL 

RCRP EPA 80158 n-8utyl alcohol ( l-8utanol, n-8utanol) SCM FL 

RCRP EPA 80158 n-Butyl alcohol (1-Butanol, n-8utanol) NPW FL 

RCRP EPA 80158 tert-Butyl alcohol SCM FL 

.'A 8081A 

Preparation Techniques: Extraction, EPA 1311 TCLP, non-volatiles; Extraction, EPA 1312 SPLP, non-volatiles; Extraction, 

separatory funnel liquid-liquid (LLE); Extraction, ultrasonic; Extraction, pressurized fluid (PFE); 

Program Method Analyte Matrix Primary SOP 

RCRP EPA8081A 4,4'-DDD SCM FL 

RCRP EPA 8081A 4,4'-DDD NPW FL 

RCRP EPA 8081A 4,4'-DDE NPW FL 

RCRP EPA8081A 4,4'-DDE SCM FL 

RCRP EPA8081A 4,4'-DDT SCM FL 

RCRP EPA 8081A 4,4'-DDT NPW FL 

RCRP EPA8081A Aldrin SCM FL· 

RCRP EPA 8081A Aldrin NPW FL 

RCRP EPA 8081A alpha-BHC (alpha- SCM FL 
Hexachlorocyclohexane) 

RCRP EPA 8081A alpha-BHC (alpha- NPW FL 
Hexachlorocyclohexane) 

RCRP EPA 8081A alpha-Chlordane NPW FL 

:RP EPA8081A alpha-Chlordane SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA8081A beta-BHC (beta-Hexachlorocyclohexane) SCM FL 

RCRP EPA 8081A beta-BHC (beta-Hexachlorocyclohexane) NPW FL 

RCRP EPA 8081A Chlordane (tech.) NPW FL 

RCRP EPA 8081A Chlordane (tech.) SCM FL 

RCRP EPA 8081A delta-BHC SCM FL 

RCRP EPA 8081A delta-BHC NPW FL 

RCRP EPA 8081A Dieldrin NPW FL 

RCRP EPA8081A Dieldrin SCM FL 

RCRP EPA 8081A Endosulfan I SCM FL 

RCRP EPA 8081A Endosulfan I NPW FL 

RCRP EPA 8081A Endosulfan II NPW FL 

RCRP EPA8081A Endosul fan II SCM FL 

RCRP EPA 8081A Endosul fan sulfate SCM FL 

RCRP EPA 8081A Endosulfan sulfate NPW FL 

RCRP EPA 8081A Endrin NPW FL 

RCRP EPA 8081A Endrin SCM FL 

RCRP EPA8081A Endrin aldehyde NPW FL 

RCRP EPA 8081A Endrin aldehyde SCM FL 

RCRP EPA 8081A Endrin ketone NPW FL 

RCRP EPA 8081A Endrin ketone SCM FL 

RCRP EPA 8081A gamma-BHC (Lindane, gamma- SCM FL 
HexachlorocyclohexanE) 

RCRP EPA 8081A gamma-BHC (Lindane, gamma- NPW FL 
HexachlorocyclohexanE) 

RCRP EPA 8081A gamma-Chlordane SCM FL 

RCRP EPA 8081A gamma-Chlordane NPW FL 

RCRP EPA8081A Heptachlor SCM FL 

RCRP EPA 8081A Heptachlor NPW FL 

RCRP EPA 8081A Heptachlor epoxide NPW FL 

RCRP EPA8081A Heptachlor epoxide SCM FL 

RCRP EPA 8081A Methoxychlor SCM FL 

RCRP EPA 8081A Methoxychlor NPW FL 

RCRP EPA 8081A Toxaphene (Chlorinated camphene) SCM FL 

RCRP EPA 8081A Toxaphene (Chlorinated camphene) NPW FL 

EPA8082 
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Preparation Techniques: Extraction, EPA 1311 TCLP, non-volatiles; Extraction, EPA 1312 SPLP, non-volatiles; Extraction, 

separatory funnel liquid-liquid (LLE); Extraction, pressurized fluid (PFE); 

.t>rogran:i. Method Analyte Matrix Primary SOP 

RCRP EPA 8082 Aroclor-1016 (PCB- I 016) NPW FL 

RCRP EPA 8082 Aroclor-1016 (PCB- I 016) SCM FL 

RCRP EPA 8082 Aroclor-1221 (PCB-1221) SCM FL 

RCRP EPA 8082 Aroclor-1221 ( PCB-1221) NPW FL 

RCRP EPA 8082 Aroclor-1232 (PCB-1232) SCM FL 

RCRP EPA 8082 Aroclor-1232 (PCB-1232) NPW FL 

RCRP EPA 8082 Aroclor-1242 (PCB-1242) NPW FL 

RCRP EPA 8082 Aroclor-1242 (PCB-1242) SCM FL 

RCRP EPA 8082 Aroclor-1248 (PCB-1248) SCM FL 

RCRP EPA 8082 Aroclor-1248 (PCB-1248) NPW FL 

RCRP EPA 8082 Aroclor-1254 (PCB-1254) NPW FL 

RCRP EPA 8082 Aroclor-1254 (PCB-1254) SCM FL 

RCRP EPA 8082 Aroclor-1260 (PCB-1260) NPW FL 

RCRP EPA 8082 Aroclor-1260 (PCB-1260) SCM FL 

RCRP EPA 8082 PCBs SCM FL 

EPA8151A 

Preparation Techniques: Extraction, EPA 1311 TCLP, non-volatiles; Extraction, EPA 1312 SPLP, non-volatiles; Extraction, 

separatory funnel liquid-liquid (LLE); Extraction, pressurized fluid (PFE); 

Progran:i. Method Analyte Matrix Primary SOP 

RCRP EPA 8151A 2,4,5-T NPW FL 

RCRP EPA8151A 2,4,5-T SCM FL 

RCRP EPA 8151A 2,4-D NPW FL 

RCRP EPA 8151A 2,4-D SCM FL 

RCRP EPA8151A 2,4-DB NPW FL 

RCRP EPA 8151A 2,4-DB SCM FL 

RCRP EPA 8151A Dalapon NPW FL 

RCRP EPA 8151A Dalapon SCM FL 

RCRP EPA 8151A Dicamba SCM FL 

RCRP EPA 8151A Dicamba NPW FL 

·'lCRP EPA 8151A Dichlor'oprop ( Dichlorprop) NPW FL 

.::RP EPA 8151A Dichloroprop (Dichlorprop) SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA8151A Dinoseb (2-sec-butyl-4,6-dihitrophenol, SCM FL 
DNBP) 

RCRP EPA8151A Dihoseb (2-sec-butyl-4,6-dinitrophenol, NPW FL 
DNBP) 

RCRP EPA 8151A MCPA NPW FL 

RCRP EPA 8151A MCPA SCM FL 

RCRP EPA 8151A MCPP NPW FL 

RCRP EPA 8151A MCPP SCM FL 

RCRP EPA 8151A Silvex (2,4,5-TP) SCM FL 

RCRP EPA8151A Silvex (2,4,5-TP) NPW FL 

EPA8260B 

Preparation Techniques: Purge and trap; Extraction, EPA 1312 SPLP, zero headspace (ZHE); Extraction, EPA 1311 TCLP, zero 

headspace (ZHE); 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 82608 I, I, 1,2-Tetrachloroethane NPW FL 

RCRP EPA 82608 I, I, 1,2-Tetrachloroethane SCM FL 

RCRP EPA 82608 I, I. I-Trichloroethane NPW FL 

RCRP EPA 82608 I, I, I-Trichloroethane SCM FL 

RCRP EPA 82608 I, 1,2,2-Tetrachloroethane SCM FL 

RCRP EPA 82608 I, 1,2,2-Tetrachloroethane NPW FL 

RCRP EPA 82608 I, 1,2-Trichloroethane SCM FL 

RCRP EPA 82608 I, 1,2-Trichloroethane NPW FL 

RCRP EPA 82608 I, 1-Dichloroethane SCM FL 

RCRP EPA 82608 I, 1-Dichloroethane NPW FL 

RCRP EPA 82608 I, 1-Dichloroethylene NPW FL 

RCRP EPA 82608 I, 1-Dichloroethylene SCM FL 

RCRP EPA 82608 I, 1-Dichloropropene NPW FL 

RCRP EPA 82608 I, 1-Dichloropropene SCM FL 

RCRP EPA 82608 1,2,3-Trichlorobenzene SCM FL 

RCRP EPA 82608 1,2,3-Trichlorobenzene NPW FL 

RCRP EPA 82608 1,2,3-Trichloropropane SCM FL 

RCRP EPA 82608 1,2,3-Trichloropropane NPW FL 

RCRP EPA 82608 1.2,4-T richlorobenzene SCM FL 

RCRP EPA 82608 1,2,4-Trichlorobenzene NPW FL 

RCRP EPA 82608 1,2,4-Trimethylbenzene SCM FL 
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Program Method Analyte Matrix .Primary SOP 

RCRP EPA 82608 1,2,4-Trimethylbenzene NPW FL 

CRP EPA 82608 1,2-Dibromo-3-chloropropane (D8CP) NPW FL 

RCRP EPA 82608 1,2-Dibromo-3-chloropropane (D8CP) SCM FL 

RCRP EPA 82608 1,2-Dibromoethane (ED8, Ethylene NPW FL 
dibromide) 

RCRP EPA 82608 1,2-Dibromoethane (ED8, Ethylene SCM FL 
di bromide) 

RCRP EPA 82608 1,2-Dichlorobenzene SCM FL 

RCRP EPA 82608 1.2-Dichlorobenzene NPW FL 

RCRP EPA 82608 1,2-Dichloroethane (Ethylene dichloride) SCM FL 

RCRP EPA 82608 1,2-Dichloroethane (Ethylene dichloride) NPW FL 

RCRP EPA 82608 1,2-Dichloropropane NPW FL 

RCRP EPA 82608 1,2-Dichloropropane SCM FL 

RCRP EPA 82608 1,3,5-Trimethylbenzene NPW FL 

RCRP EPA 82608 1,3,5-Triinethylbenzene SCM FL 

RCRP EPA 82608 1,3-Dichlorobenzene NPW FL 

RCRP EPA 82608 1,3-Dichlorobenzene SCM FL 

RCRP EPA 82608 1,3-Dichloropropane SCM FL 

RCRP EPA 82608 I ;3-Dichloropropane NPW FL 

:::RP EPA 82608 1,4-Dichlorobenzene NPW FL 

RCRP EPA 82608 1,4-Dichlorobenzene SCM FL 

RCRP EPA 82608 1,4-Dioxane ( 1.4- Diethyleneoxide) NPW FL 

RCRP EPA 82608 1,4-Dioxane ( 1,4- Diethyleneoxide) SCM FL 

RCRP EPA 82608 1-Chlorohexane NPW FL 

RCRP EPA 82608 1-Chlorohexane SCM FL 

RCRP EPA 82608 2,2-Dichloropropane NPW FL 

RCRP EPA 82608 2,2-Dichloropropane SCM FL 

RCRP EPA 82608 2-8utanone (Methyl ethyl ketone, MEK) SCM FL 

RCRP EPA 82608 2-8utanone (Methyl ethyl ketone. MEK) NPW FL 

RCRP EPA 82608 2-Chloroethyl vinyl ether SCM FL 

RCRP EPA 82608 2-Chloroethyl vinyl ether NPW FL 

RCRP EPA 82608 2-Chlorotoluene SCM FL 

RCRP EPA 82608 2-Chlorotoluene NPW FL 

RCRP EPA 82608 2-Hexanone NPW FL 

RCRP EPA 82608 2-Hexanone SCM FL 

RCRP EPA 82608 2-Nitropropane NPW FL 

:::RP EPA 82608 4-Chlorotoluene NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 82608 4-Chlorotoluene SCM FL 

RCRP EPA 82608 4-lsopropyltoluene (p-Cymene) SCM FL 

RCRP EPA 82608 4-Isopropyltoluene (p-Cymene) NPW FL 

RCRP EPA 82608 4-Methyl-2-pentanone (MIBK) SCM FL 

RCRP EPA 82608 4-Methyl-2-pentanone (MIBK) NPW FL 

RCRP EPA 82608 Acetone NPW FL 

RCRP EPA 82608 Acetone SCM FL 

RCRP EPA 82608 Acetonitrile NPW FL 

RCRP EPA 82608 Acetonitrile SCM FL 

RCRP EPA 82608 Acrolein (Propenal) SCM FL 

RCRP EPA 82608 Acrolein (Propenal) NPW FL 

RCRP EPA 82608 Acrylonitrile NPW FL 

RCRP EPA 82608 Acrylonitrile SCM FL 

RCRP EPA 82608 Ally! chloride (3-Chloropropene) NPW FL 

RCRP EPA 82608 Ally! chloride (3-Chloropropene) SCM FL 

RCRP EPA 82608 Benzene SCM FL 

RCRP EPA 82608 Benzene NPW FL 

RCRP EPA 82608 Bromobenzene SCM FL 

RCRP EPA 82608 8romobenzene NPW FL 

RCRP EPA 82608 8romochloromethane SCM FL 

RCRP EPA 82608 Bromochloromethane NPW FL 

RCRP EPA 82608 8romodichloromethane NPW FL 

RCRP EPA 82608 8romodichloromethane SCM FL 

RCRP EPA 82608 8romoform SCM FL 

RCRP EPA 82608 Bromoform NPW FL 

RCRP EPA 82608 Carbon disulfide NPW FL 

RCRP EPA 82608 Carbon disulfide SCM FL 

RCRP EPA 82608 Carbon tetrachloride NPW FL 

RCRP EPA 82608 Carbon tetrachloride SCM FL 

RCRP EPA 82608 Chlorobenzene NPW FL 

RCRP EPA 82608 Chlorobenzene SCM FL 

RCRP EPA 82608 Chlorodibromomethane NPW FL 

RCRP EPA82608 Chlorodibroinomethane SCM FL 

RCRP EPA 82608 Chloroethane (Ethyl chloride) SCM FL 

RCRP EPA 82608 Chloroethane (Ethyi chloride) NPW FL 

RCRP EPA 82608 Chloroform SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 82608 Chlorofonn NPW FL 

~CRP EPA 82608 Chloroprene (2-Chloro-1,3-butadiene) NPW FL 

RCRP EPA 82608 Chloroprene (2-Chloro-1,3-butadiene) SCM FL 

RCRP EPA 82608 cis-1,2-Dichloroethylene SCM FL 

RCRP EPA 82608 cis-1,2-Dichloroethylene NPW FL 

RCRP EPA 82608 cis-1,3-Dichloropropene SCM FL 

RCRP EPA R2608 cis-1,3-Dichloropropene NPW FL 

RCRP EPA 82608 Dibromomethane (Methylene bromide) SCM FL 

RCRP EPA 82608 Dibromomethane (Methylene bromide) NPW FL 

RCRP EPA 82608 Dichlorodifluoromethane (Freon-12) NPW FL 

RCRP EPA 82608 Dichlorodi fluoromethane ( F reon-12) SCM FL 

RCRP EPA 82608 Diethyl ether SCM FL 

RCRP EPA 82608 Diethyl ether NPW FL 

RCRP EPA 82608 Ethanol SCM FL 

RCRP EPA 82608 Ethanol NPW FL 

RCRP EPA 82608 Ethyl acetate NPW FL 

RCRP EPA 82608 Ethyl acetate SCM FL 

RCRP EPA 82608 Ethyl methacrylate SCM FL 

.CRP EPA 82608 Ethyl methacrylate NPW FL 

RCRP EPA 82608 Ethylbenzene SCM FL 

RCRP EPA 82608 Ethylbenzene NPW FL 

RCRP EPA 82608 Hexachlorobutadiene NPW FL 

RCRP EPA 82608 Hexachlorobutadiene SCM FL 

RCRP EPA 82608 Hexachloroethane NPW FL 

RCRP EPA 82608 Hexachloroethane SCM FL 

RCRP EPA 82608 lodomethane (Methyl iodide) SCM FL 

RCRP EPA 82608 lodomethane (Methyl iodide) NPW FL 

RCRP EPA 82608 lsobutyl alcohol (2-Methyl-1-propanol) SCM FL 

RCRP EPA 82608 lsobutyl alcohol (2-Methyl- 1-propahol) NPW FL 

RCRP EPA 82608 lsopropyl alcohol {2-Propanol, NPW FL 
lsopropanol) 

RCRP EPA 82608 lsopropyl alcohol (2-Propanol, SCM FL 
lsopropanol) 

RCRP EPA 82608 Isopropylbenzene NPW FL 

RCRP EPA 82608 Isopropylbenzene SCM FL 

RCRP EPA 82608 m+p-xylene NPW FL 

CRP EPA 82608 m+p-xylene SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 82608 Methacrylonitrile NPW FL 

RCRP EPA 82608 Methacrylonitrile SCM FL 

RCRP EPA 82608 Methyl bromide (8romomethane) SCM FL 

RCRP EPA 82608 Methyl bromide (8romomethane) NPW FL 

RCRP EPA 82608 Methyl chloride (Chloromethane) NPW FL 

RCRP EPA 82608 Methyl chloride (Chloromethane) SCM FL 

RCRP EPA 82608 Methyl methacrylate SCM FL 

RCRP EPA 82608 Methyl methacrylate NPW FL 

RCRP EPA 82608 Methyl tert-butyl ether (MT8E) SCM FL 

RCRP EPA 82608 Methyl tert-butyl ether (MT8E) NPW FL 

RCRP EPA 82608 Methylene chloride (Dichloromethane) SCM FL 

RCRP EPA 82608 Methylene chloride (Dichloromethane) NPW FL 

RCRP EPA 82608 n-8utyl alcohol (I -8utanol, n-8utanol) SCM FL 

RCRP EPA 82608 n-8utyl alcohol (I -8utanol, il-8utanol) NPW FL 

RCRP EPA 82608 n-8utylbenzene NPW FL 

RCRP EPA 82608 n-8utylbenzene SCM FL 

RCRP EPA 82608 n-Propanol (l-Propanol) NPW FL 

RCRP EPA 82608 n-Propanol (l-Propanol) SCM FL 

RCRP EPA 82608 n-Propylbenzene NPW FL 

RCRP EPA 82608 n-Propylbenzene SCM FL 

RCRP EPA 82608 Naphthalene NPW FL 

RCRP EPA 82608 Naphthalene SCM F.L 

RCRP EPA 82608 o-Xylene SCM FL 

RCRP EPA 82608 o-Xylene NPW FL 

RCRP EPA 82608 Propionitrile (Ethyl cyanide) SCM FL 

RCRP EPA 82608 Propionitrile (Ethyl cyanide) NPW FL 

RCRP EPA 82608 sec-8utylbenzene NPW FL 

RCRP EPA 82608 sec-8utylbenzene SCM FL 

RCRP EPA 82608 Styrene SCM FL 

RCRP EPA 82608 Styrene NPW FL 

RCRP EPA 82608 tert-8utyl alcohol SCM FL 

RCRP EPA 82608 tert-8utyl alcohol NPW FL 

RCRP EPA 82608 tert-8utylbenzene NPW FL 

RCRP EPA 82608 tert-8utylbenzene SCM FL 

RCRP EPA 82608 Tetrachloroethylene (Perchloroethylene) SCM FL 

RCRP EPA 82608 Tetrachloroethylene (Perchloroethylene) NPW FL 
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Program Method Analyte Matrix Prinlary SOP 

RCRP EPA 82608 Toluene SCM FL 

Till' EPA 82608 Toluene NPW FL 

RCRP EPA 82608 trans-1,2-Dichloroethylene SCM FL 

RCRP EPA 82608 trans-1,2-Dichloroethylene NPW FL 

RCRP EPA 82608 trans- l ,3-Dichloropropylene NPW FL 

RCRP EPA 82608 trans-1,3-Dichloropropylene SCM FL 

RCRP EPA 82608 trans- l ,4-Dichloro-2-butene SCM FL 

RCRP EPA 82608 trans- l ,4-Dichloro-2-butene NPW FL 

RCRP EPA 82608 Trichloroethene (Trichloroethylene) SCM FL 

RCRP EPA 82608 Trichloroethene (Trichloroethylene) NPW FL 

RCRP EPA 82608 Trichlorofluoromethane SCM FL 
(Fluorotrichloromethane, Freon 11) 

RCRP EPA 82608 Trichlcirofluoromethane NPW FL 
(Fluorotrichloromethane, Freon 11) 

RCRP EPA 82608 Vinyl acetate NPW FL 

RCRP EPA 82608 Vinyl acetate SCM FL 

RCRP EPA 82608 Vinyl chloride NPW FL 

RCRP EPA 82608 Vinyl chloride SCM FL 

EPA8260C 

Preparation Techniques: Purge and trap; Extraction, EPA 1312 SPLP, zero headspace (ZHE); Extraction, EPA 1311 TCLP, zero 

headspace (ZHE); 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 8260C I, I ,2-Trichloro-1,2,2-trifluoroethane NPW FL 
(Freon 113) 

RCRP EPA 8260C l, l ,2-Trichloro-1,2,2-trifluoroethane SCM FL 
(Freon 113) 

EPA8270C 

Preparation Techniques: Extraction, EPA 1311 TCLP, non-volatiles; Extraction, EPA 1312 SPLP, non-volatiles; Extraction, 

separatory funnel liquid-liquid (LLE); Extraction, ultrasonic; Extraction, pressurized fluid (PFE); 

Program Method Analyte Matrix Prinlary SOP 

RCRP EPA 8270C 1,2,4,5-Tetrachlorobenzene NPW FL 

RCRP EPA 8270C 1,2,4,5-Tetrachlorobenzene SCM FL 

2RP EPA 8270C 1,2,4-Trichlorobenzene SCM FL 
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Program Method . Analyte Matrix Primary SOP 

RCRP EPA 8270C 1,2,4-T richlorobenzene NPW FL 

RCRP EPA 8270C 1,2-Dichlorobenzene NPW FL 

RCRP EPA 8270C l ,2-Dichlorobenzene SCM FL 

RCRP EPA 8270C 1,2-Diphenylhydrazine NPW FL 

RCRP EPA 8270C 1,2-Diphenylhydrazine SCM FL 

RCRP EPA 8270C 1,3,5-Trinitrobenzene (I ,3,5-TNB) NPW FL 

RCRP EPA 8270C 1,3,5-Trinitrobenzene ( 1,3,5-TNB) SCM FL 

RCRP EPA 8270C 1,3-Dichlorobenzene SCM FL 

RCRP EPA 8270C J ,3-Dichlorobenzene NPW FL 

RCRP EPA 8270C 1,3-Dinitrobenzene ( 1,3-DNB) SCM FL 

RCRP EPA 8270C 1.3-Dinitrobenzene ( 1,3-DNB) NPW FL 

RCRP EPA 8270C 1,4-Dichlorobenzene SCM FL 

RCRP EPA 8270C 1,4-Dichlorobenzene NPW FL 

RCRP EPA 8270C 1,4-Naphthoquinone NPW FL 

RCRP EPA 8270C 1,4-Naphthoquinone SCM FL 

RCRP EPA S270C 1,4-Phenylenediamine SCM FL 

RCRP EPA 8270C 1,4-Phenylenediamine NPW FL 

RCRP EPA 8270C l-Naphthylamine NPW FL 

RCRP EPA 8270C 1-Naphthylamine SCM FL 

RCRP EPA 8270C 2,3,4,6-Tetrachlorophenol SCM FL 

RCRP EPA 8270C 2,3,4,6-Tetrachlorophenol NPW FL 

RCRP EPA 8270C 2,4,5-Trichlorophenol NPW FL 

RCRP EPA 8270C 2,4,5-T richlorophenol SCM FL 

RCRP EPA 8270C 2,4,6-Trichlorophenol SCM FL 

RCRP EPA 8270C 2,4,6-Trichlorophenol NPW FL 

RCRP EPA 8270C 2,4-Dichlorophenol SCM FL 

RCRP EPA 8270C 2.4-Dichlorophenol NPW FL 

RCRP EPA 8270C 2,4-Dimethylphenol SCM FL 

RCRP EPA 8270C 2,4-Dimethylphenol NPW FL 

RCRP EPA 8270C 2.4~Dinitrophenol SCM FL 

RCRP EPA 8270C 2,4-Dinitrophenol NPW FL 

RCRP EPA 8270C 2,4-Dinitrotoluene (2,4-DNT) SCM FL 

RCRP EPA 8270C 2,4-Dinitrotoluene (2,4-DNT) NPW FL 

RCRP EPA 8270C 2,6-Dichlorophenol NPW FL 

RCRP EPA 8270C 2,6-Dichlorophenol SCM FL 

RCRP EPA 8270C 2,6-Dinitrotoluene (2,6-DNT) NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8270C 2,6-Dinitrotoluene (2,6-DNT) SCM FL 

CRP EPA 8270C 2-Acetylaminofluorene SCM FL 

RCRP EPA 8270C 2-Acetylaminofluorene NPW FL 

RCRP EPA 8270C 2-Chloronaphthalene NPW FL 

RCRP EPA 8270C 2-Chloronaphthalene SCM FL 

RCRP EPA 8270C 2-Chlorophenol NPW FL 

RCRP EPA 8270C 2-Chlorophenol SCM FL 

RCRP EPA 8270C 2-Methyl-4,6-dinitrophenol ( 4,6-Dinitro- SCM FL 
2-methylphenol) 

RCRP EPA 8270C 2-Methyl-4,6-dinitrophenol ( 4,6-Dinitro- NPW FL 
2-methylphenol) 

RCRP EPA 8270C 2-Methylaniline (o-Toluidine) SCM FL 

RCRP EPA 8270C 2-Methylaniline (o-Toluidine) NPW FL 

RCRP EPA 8270C 2-Methylnaphthalene SCM FL 

RCRP EPA 8270C 2-Methylnaphthalene NPW FL 

RCRP EPA 8270C 2-Methylphenol (o-Cresol) SCM FL 

RCRP EPA 8270C 2-Methylphenol (o-Cresol) NPW FL 

RCRP EPA 8270C 2-Naphthylamine NPW FL 

RCRP EPA 8270C 2-Naphthylamine SCM FL 

::RP EPA 8270C 2-Nitroaniline NPW FL 

RCRP EPA 8270C 2-Nitroaniline SCM FL 

RCRP EPA 8270C 2-Nitrophenol SCM FL 

RCRP EPA 8270C 2-Nitrophenol NPW FL 

RCRP EPA 8270C 2-Picoline (2-Methylpyridine) NPW FL 

RCRP EPA 8270C 2-Picoline (2-Methylpyridine) SCM FL 

RCRP EPA 8270C 3 ,3 '-Dichlorobenzidine NPW FL 

RCRP EPA 8270C 3,3'-Dichlorobenzidine SCM FL 

RCRP EPA 8270C 3,3'-Dimethylbenzidine NPW FL 

RCRP EPA 8270C 3-Methylcholanthrene NPW FL 

RCRP EPA 8270C 3-Methylcholanthrene SCM FL 

RCRP EPA 8270C 3-Methylphenol (m-Cresol) SCM FL 

RCRP EPA 8270C 3-Methylphenol (m-Cresol) NPW FL 

RCRP EPA 8270C 3-Nitroaniline SCM FL 

RCRP EPA 8270C 3-Nitroaniline NPW FL 

RCRP EPA 8270C 4-Aminobiphenyl NPW FL 

RCRP EPA 8270C 4-Bromophenyl phenyl ether NPW FL 

::RP EPA 8270C 4-Bromophenyl phenyl ether SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8270C 4-Chloro-3-methylphenol SCM FL 

RCRP EPA 8270C 4-Chloro-3-methylphenol NPW FL 

RCRP EPA 8270C 4-Chloroaniline SCM FL 

RCRP EPA 8270C 4-Chloroaniline NPW FL 

RCRP EPA 8270C 4-Chlorophenyl phenylether NPW FL 

RCRP EPA 8270C 4-Chlorophenyl phenylether SCM FL 

RCRP EPA 8270C 4-Dimethyl aminoazobenzene SCM FL 

RCRP EPA 8270C 4-Dimethyl aminoazobenzene NPW FL 

RCRP EPA 8270C 4-Methylphenol (p~Cresol) NPW FL 

RCRP EPA 8270C 4-Methylphenol (p-Cresol) SCM FL 

RCRP EPA 8270C 4-Nitroaniline NPW FL 

RCRP EPA 8270C 4-Nitroaniline SCM FL 

RCRP EPA 8270C 4-Nitrophenol SCM FL 

RCRP EPA 8270C 4-Nitrophenol NPW FL 

RCRP EPA 8270C 4-Nitroquinoline I-oxide NPW FL 

RCRP EPA 8270C 4-Nitroquinoline I-oxide SCM FL 

RCRP EPA 8270C 5-Nitro-o-toluidine SCM FL 

RCRP EPA 8270C 5-N itro-o-toluidine NPW FL 

RCRP EPA 8270C 7, 12-Dimethylbenz(a) anthracene SCM FL 

RCRP EPA 8270C 7, 12-Dimethylbenz(a) anthracene NPW FL 

RCRP EPA 8270C a-a-Dimethylphenethylamine NPW FL 

RCRP EPA 8270C a-a-Dimethylphenethylamine SCM FL 

RCRP EPA 8270C Acenaphthene SCM FL 

RCRP EPA 8270C Acenaphthene NPW FL 

RCRP EPA 8270C Acenaphthylene NPW FL 

RCRP EPA 8270C Acenaphthylene SCM FL 

RCRP EPA 8270C Acetophenone NPW FL 

RCRP EPA 8270C Acetophenone SCM FL 

RCRP EPA 8270C Aniline NPW FL 

RCRP EPA 8270C Aniline SCM FL 

RCRP EPA 8270C Anthracene NPW FL 

RCRP EPA 8270C Anthracene SCM FL 

RCRP EPA 8270C Aramite SCM FL 

RCRP EPA 8270C Aramite NPW FL 

RCRP EPA 8270C Benzi dine NPW FL 

RCRP EPA 8270C Benzi dine SCM FL 

Printed on 0l/04/2013 Page 28 of37 



Program Method Analyte Matrix. Primary SOP 

RCRP EPA 8270C Benzo( a)anthracene NPW FL 

.. CRP EPA 8270C Benzo( a )anthracene SCM FL 

RCRP EPA 8270C Benzo(a)pyrene NPW FL 

RCRP EPA 8270C Benzo(a)pyrene SCM FL 

RCRP EPA 8270C Benzo(g,h,i)perylene SCM FL 

RCRP EPA 8270C Benzo(g,h,i)perylene NPW FL 

RCRP EPA 8270C Benzo(k)fluoranthene NPW FL 

RCRP EPA 8270C Beilzo(k)fluoranthene SCM FL 

RCRP EPA 8270C Benzo[b ]fluoranthene NPW FL 

RCRP EPA 8270C Benzo[b ]fluoranthene SCM FL 

RCRP EPA 8270C Benzoic acid NPW FL 

RCRP EPA 8270C Benzoic acid SCM FL 

RCRP EPA 8270C Benzyl alcohol NPW FL 

RCRP EPA 8270C Benzyl alcohol SCM FL 

RCRP EPA 8270C bis(2-Chloroethoxy)methane NPW FL 

RCRP EPA 8270C bis(2-Chloroethoxy)methane SCM FL 

RCRP EPA 8270C bis(2-Chloroethyl) ether NPW FL 

RCRP EPA 8270C bis(2-Chloroethyl) ether SCM FL 

.CRP EPA 8270C bis(2-Chloroisopropyl) ether NPW FL 

RCRP EPA 8270C bis(2-Chloroisopropyl) ether SCM FL 

RCRP EPA 8270C Butyl benzyl phthalate SCM FL 

RCRP EPA 8270C Butyl benzyl phthalate NPW FL 

RCRP EPA 8270C Chlorobenzilate NPW FL 

RCRP EPA 8270C Chlorobenzilate SCM FL 

RCRP EPA 8270C Chrysene SCM FL 

RCRP EPA 8270C Chrysene NPW FL 

RCRP EPA 8270C Di(2-ethylhexyl) phthalate (bis(2- NPW FL 
Ethylhexyl)phthalate, DEHP) 

RCRP EPA 8270C Di(2-ethylhexyl) phthalate (bis(2- SCM FL 
Ethylhexyl)phthalate, DEHP) 

RCRP EPA 8270C Di-n-butyl phthalate NPW FL 

RCRP EPA 8270C Di-n-butyl phthalate ' SCM FL 

RCRP EPA 8270C Di-n-octyl phthalate SCM FL 

RCRP EPA 8270C Di-n-octyl phthalate NPW FL 

RCRP EPA 8270C Diallate SCM FL 

RCRP EPA 8270C Diallate NPW FL 

··CRP EPA 8270C Dibenz(a,h) anthracene NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8270C Dibenz(a,h) anthracene SCM FL 

RCRP EPA 8270C Dibenzofuran NP\\' FL 

RCRP EPA 8270C Dibenzofuran SCM FL 

RCRP EPA 8270C Diethyl phthalate SCM FL 

RCRP EPA 8270C Diethyl phthalate NPW FL 

RCRP EPA 8270C Dimethoate SCM FL 

RCRP EPA 8270C Dimethoate NPW FL 

RCRP EPA 8270C Dimethyl phthalate NPW FL 

RCRP EPA 8270C Dimethyl phthalate SCM FL 

RCRP EPA 8270C Dinoseb (2-sec-butyl-4,6-dinitrophenol, SCM FL 
DNBP) 

RCRP EPA 8270C Dinoseb (2-sec-butyl-4,6-dinitrophenol, NPW FL 
DNBP) 

RCRP EPA 8270C Disulfoton NPW FL 

RCRP EPA 8270C Ethyl methanesulfonate SCM FL 

RCRP EPA 8270C Ethyl methanesulfonate NPW FL 

RCRP EPA 8270C Famp.hur SCM FL 

RCRP EPA 8270C Famphur NPW FL 

RCRP EPA 8270C Fluoranthene NPW FL 

RCRP EPA 8270C Fluoranthene SCM FL 

RCRP EPA 8270C Fluorene SCM FL 

RCRP EPA 8270C Fluorene NPW FL 

RCRP EPA 8270C Hexachlorobenzene NPW FL 

RCRP EPA 8270C Hexachlorobenzene SCM FL 

RCRP EPA 8270C Hexachlorobutadiene NPW FL 

RCRP EPA 8270C Hexachlorobutadiene SCM FL 

RCRP EPA 8270C Hexachlorocyclopentadiene SCM FL 

RCRP EPA 8270C Hexachlorocyclopentadiene NPW FL 

RCRP EPA 8270C Hexachloroethane SCM FL 

RCRP EPA 8270C Hexachloroethane NPW FL 

RCRP EPA 8270C Hexachloropropene SCM FL 

RCRP EPA 8270C Hexachloropropene NPW FL 

RCRP EPA 8270C lndeno( l ,2,3-cd) pyrene NPW FL 

RCRP EPA 8270C lndeno( 1,2,3-cd) pyrene SCM FL 

RCRP EPA 8270C lsodrin NPW FL 

RCRP EPA 8270C lsodrin SCM FL 

RCRP EPA 8270C lsophorone NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8270C Isophorone SCM FL 

-.CRP EPA 8270C Isosafrole NPW FL 

RCRP EPA 8270C Isosafrole SCM FL 

RCRP EPA 8270C Ke pone NPW FL 

RCRP EPA8270C Kepone SCM FL 

RCRP EPA 8270C Methyl inethanesulfonate NPW FL 

RCRP EPA 8270C Methyl methanesulfonate SCM FL 

RCRP EPA 8270C Methyl parathion (Parathion, methyl) SCM FL 

RCRP EPA 8270C Methyl parathion (Parathion, methyl) NPW FL 

RCRP EPA 8270C n-Nitroso-di-n-butylamine NPW FL 

RCRP EPA 8270C n-Nitroso-di-n-butylamine SCM FL 

RCRP EPA 8270C n-Nitrosodi-n-propylamine NPW FL 

RCRP EPA 8270C n-Nitrosodi-n-propylamine SCM FL 

RCRP EPA 8270C n-Nitrosodiethylamine SCM FL 

RCRP EPA 8270C n-Nitrosodiethylamine NPW FL 

RCRP EPA8270C n-Nitrosodimethylamine SCM FL 

RCRP EPA 8270C n-Nitrosodimethylamine NPW FL 

RCRP EPA 8270C n-Nitrosodiphenylamine NPW FL 

CRP EPA 8270C n-Nitrosodiphenylamine SCM FL 

RCRP EPA 8270C n-Nitrosomorpholine NPW FL 

RCRP EPA 8270C n-Nitrosomorpholine SCM FL 

RCRP EPA 8270C n-Nitrosopiperidine NPW FL 

RCRP EPA 8270C n-Nitrosopiperidine SCM FL 

RCRP EPA 8270C n-Nitrosopyrrolidine NPW FL 

RCRP EPA 8270C . n-Nitrosopyrrolidine SCM FL 

RCRP EPA 8270C Naphthalene SCM FL 

RCRP EPA 8270C Naphthalene NPW FL 

RCRP EPA 8270C Nitrobenzene SCM FL 

RCRP EPA 8270C Nitrobenzene NPW FL 

RCRP EPA 8270C o,o,o-Triethyl phosphorothioate SCM FL 

RCRP EPA 8270C o,o,o-Triethyl phosphorothioate NPW FL 

RCRP EPA 8270C Parathion, ethyl SCM FL 

RCRP EPA 8270C Parathion, et_hyl NPW FL 

RCRP EPA 8270C Pentachlorobenzene NPW FL 

RCRP EPA 8270C Pentachlorobenzene SCM FL 

-CRP EPA 8270C Pentachloronitrobenzene NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8270C Pentachloronitrobenzene SCM FL 

RCRP EPA 8270C Pentachlorophenol SCM FL 

RCRP EPA 8270C Pentachlorophenol NPW FL 

RCRP EPA 8270C Phenacetin SCM FL 

RCRP EPA 8270C Phenacetin NPW FL 

RCRP EPA 8270C Phenanthrene SCM FL 

RCRP EPA 8270C Phenanthrene NPW FL 

RCRP EPA 8270C Phenol SCM FL 

RCRP EPA 8270C Phenol NPW FL 

RCRP EPA 8270C Phorate NPW FL 

RCRP EPA 8270C Pho rate SCM FL 

RCRP EPA 8270C Pronamide (Kerb) NPW FL 

RCRP EPA 8270C Pronamide (Kerb) SCM FL 

RCRP EPA 8270C Pyrene SCM FL 

RCRP EPA 8270C Pyrene NPW FL 

RCRP EPA 8270C Pyridine SCM FL 

RCRP EPA 8270C Pyridine NPW FL 

RCRP EPA 8270C Safrole SCM FL 

• RCRP EPA 8270C Sa fro le NPW FL 

RCRP EPA 8270C Sulfotepp SCM FL 

RCRP EPA 8270C Sulfotepp NPW FL 

RCRP EPA 8270C Thionazin. (Zinophos) SCM FL 

RCRP EPA 8270C Thionazin (Zinophos) NPW FL 

EPA 8315A 

Preparation Techniques: Extraction, EPA 13 l l TCLP, non~volatiles; Extraction, EPA 1312 SPLP, non-volatiles; Extraction, solid 

phase (SPE); 

Program Method Analyte Matrix Primary SOP 

RCRP EPA8315A Acetaldehyde NPW FL 

RCRP EPA 8315A Crotonaldehyde NPW FL 

RCRP EPA8315A Cyclohexanone NPW FL 

RCRP EPA 8315A Decanal NPW FL 

RCRP EPA8315A Formaldehyde NPW FL 

RCRP EPA 8315A Heptanal NPW FL 

RCRP EPA 8315A Hexanaldehyde (Hexanal) NPW FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8315A m-Tolualdehyde ( 1,3-Tolualdehyde) NPW FL 

CRP EPA 8315A n-Octaldehyde (Octanal) NPW FL 

RCRP EPA 8315A Nonanal NPW FL 

RCRP EPA 8315A Propionaldehyde (Propanal) NPW FL 

RCRP EPA 8315A Valeraldehyde (Pentanal, Pentanaldehyde) NPW FL 

EPA 8330 

Preparation Techniques: Extraction, separatory funnel liquid-liquid (LLE); Extraction, ultrasonic; 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 8330 1,3,5-Trinitrobenzene ( 1,3,5-TNB) SCM FL 

RCRP EPA 8330 1,3,5-Trinitrobenzene (1,3.5-TNB) NPW FL 

RCRP EPA 8330 1,3-Dinitrobenzene ( 1,3-DNB) NPW FL 

RCRP EPA 8330 1,3-Dinitrobenzene ( 1,3-DNB) SCM FL 

RCRP EPA 8330 2,4,6-Trinitrotoluene (2,4,6-TNT) NPW FL 

RCRP EPA 8330 2,4,6-Trinitrotoluene (2,4,6-TNT) SCM FL 

RCRP EPA 8330 2,4-Dinitrotoluene (2,4-DNT) SCM FL 

-::RP EPA 8330 2,4-Dinitrotoluene (2,4-DNT) NPW FL 

i{CRP EPA 8330 2,6-Dinitrotoluene (2,6-DNT) SCM FL 

RCRP EPA 8330 2,6-Dinitrotoluene (2,6-DNT) NPW FL 

RCRP EPA 8330 2-Amino-4,6-dinitrotoluene (2-am-dnt) SCM FL 

RCRP EPA 8330 2-Amino-4,6-dinitrotoluene (2cam-dnt) NPW FL 

RCRP EPA 8330 2-Nitrotoluene NPW FL 

RCRP EPA 8330 2-Nitrotoluene SCM FL 

RCRP EPA 8330 3-Nitrotoluene SCM FL 

RCRP EPA 8330 3-Nitrotoluene NPW FL 

RCRP EPA 8330 4-Amino"2,6-dinitrotoluene ( 4-am-dnt) NPW FL 

RCRP EPA 8330 4-Amino-2,6-dinitrotoluene ( 4-am-dnt) SCM FL 

RCRP EPA 8330 4-Nitrotoluene NPW FL 

RCRP EPA 8330 4-Nitrotoluene. SCM FL 

RCRP EPA 8330 Methyl-2,4,6-trinitrophenylnitramine NPW FL 
(tetryl) 

RCRP EPA 8330 Methyl-2,4,6-trinitrophenylnitramine SCM FL 
(tetryl) 

RCRP EPA 8330 Nitrobenzene NPW FL 

'::RP EPA 8330 Nitrobenzene SCM FL 
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Program Method Analyte Matrix Primary SOP 

RCRP EPA 8330 Octahydro-1,3,5, 7-tetranitro-1,3,5, 7- NPW FL 
tetrazocine (HMX) 

RCRP EPA 8330 Octahydro-1,3,5, 7-tetranitro-1,3,5, 7- SCM FL 
tetrazocine (HMX) 

RCRP EPA 8330 ROX (hexahydro-l ,3,5-trinitro-1,3,5- NPW FL 
triazine) 

RCRP EPA 8330 ROX (hexahydro-1,3,5-trinitro-l ,3,5- SCM FL 
triazine) 

EPA 9013A 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 9013A Cyanide SCM FL 

EPA 9020B 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 90208 Total Organic Halides (TOX) NPW FL 

EPA 9034 

Preparation Techniques: NIA 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 9034 Sulfide SCM FL 

RCRP EPA 9034 Sulfide NPW FL 

EPA 9038 

Preparation Techniques: NI A · 

Program Method Analyte Matrix Primary SOP 

RCRP EPA 9038 Sulfate NPW FL 
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EPA 9040C 

Preparation Techniques: NIA 

t>rogram Method 

RCRP EPA 9040C 

EPA 9045D 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 90450 

EPA 9056A 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 9056A 

RCRP EPA 9056A 

CRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

RCRP EPA 9056A 

EPA 9065 

Preparation Techniques: NI A 

Program. Method 

RCRP 

RCRP 

EPA 9065 

EPA 9065 

Printed on 0110412013 

Analyte 

pH 

Analyte 

pH 

Analyte 

Chloride 

Chloride 

Fluoride 

Fluoride 

Nitrate 

Nitrate 

Nitrite 

Nitrite 

Sulfate 

Sulfate 

Analyte 

Total Phenolics 

Total Phenolics 

Matrix 

NPW 

Matrix 

SCM 

Matrix 

NPW 

SCM 

SCM 

NPW 

NPW 

SCM 

NPW 

SCM 

SCM 

NPW 

Matrix 

NPW 

SCM 

Primary 

FL 

Primary 

FL 

Primary 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

Primary 

FL 

FL 

SOP 

SOP 

SOP 

SOP 
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EPA 9070A 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 9070A 

EPA 9071B 

Preparation Techniques: NI A 

Progra.ID Method 

RCRP 

RCRP 

EPA 9095B 

EPA 90718 

EPA 90718 

Preparation Techniques: NIA 

Program Method 

RCRP EPA 90958 

EPA RSK-175 (GC/FID) 

Preparation Techniques: NIA 

Program Method 

RCRP EPA RSK-175 (GC/FID) 

RCRP EPA RSK-175 (GC/FID) 

RCRP EPA RSK-175 (GC/FID) 

Walkley-Black 

Preparation Techniques: NIA 

Program Method 

RCRP Walkley-Black 

Printed on 01/04/2013 

Analyte 

Oil & Grease 

Analyte 

n-Hexahe Extractable Material (O&G) 

Oil &Grease 

Analyte 

Paint Filter Liquids Test 

Analyte 

Ethane 

Ethene 

Methane 

Analyte 

Total Organic Carbon 

Matrix 

NPW 

Matrix 

SCM 

SCM 

Matrix 

SCM 

Matrix 

NPW 

NPW 

NPW 

Matrix 

SCM 

Primary 

FL 

Primary 

FL 

FL 

Primary 

FL 

Primary 

FL 

FL 

FL 

Primary 

FL 

SOP 

SOP 

SOP 

SOP 

SOP 
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-1(95) DRO 

·cparation Techniques: NI A 

Program Method 

USTP 

USTP 

Wl(95) ORO 

WI(95) ORO 

Wl(95)GRO 

Preparation Techniques: NI A 

Program Method 

USTP 

USTP 

WI(95)GRO 

WI(95)GRO 

Wl(95) GRO 

Preparation Techniques: NIA 

i>rogram Method 

USTP WI(95) GRO 

USTP WI(95) GRO 

Analyte 

Diesel range organics (ORO) 

Diesel range o"rganics (ORO) 

Analyte 

Gasoline range organics (GRO) 

Gasoline range organics (GRO) 

Analyte 

Petroleum Volatile Organic Compounds 
(PVOC) 

Petroleum Volatile Organic Compounds 
(PVOC) 

Matrix Primary SOP 

NPW FL 

SCM FL 

Matrix Primary SOP 

SCM FL 

NPW FL 

Matrix Primary SOP 

SCM FL 

NPW FL 

Note: Method beginning with "SM" refer to the approved editions of Standard methods for the Examination of Water and Wastes. Approved 

methods are listed in the applicable parts of Title 40 of the Code of Federal Regulations (including its subsequent Federal Register updates), 

MN Statutes and Rules, and state-issued permits. 
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Analyte CASNo. 
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LABORATORY CONTROL LIMITS 
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Source For QC Limits 
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Analyte CASNo. 
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SOP Name: Inductively Coupled Plasma Atomic Emission Spectroscopy 
Perkin Elmer OPTIMA-3000/3300DV/5300DV 

Revision Number: 5.9 

SW-846 Method 601 OC 
SOP Number: GR-01-100 page 2 of 52 

Date Revised: 7/2211 
Date Initiated: 4/4/96 

1.0 SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

2.0 

2.1 

3.0 

3.1 

3.2 

3.3 

Inductively coupled plasma atomic emission spectroscopy (ICP) determines a wide range of 
elements in solution. ~ 

leacha. tes, EPTOX leachates, SPLP leachates, ASTM leachates, oil,. solvents, nt ludg , pure 
The procedure is applicable to a variety of matrices, including but not limited to~· TCLP 

product or any other matrix that may be extracted or dissolved into an acidic aq solution. 

Most matrices require solubilization and/or digestion prior to ICP analysiso 

CJ PRINCIPLE METHOD REFERENCES 

Test Methods for Evaluating Solid Waste, Physical!Chem~1ods, SW-846, 3d Edition, Final 
Update IV, Method 6010C, "Inductively Couple/~-At ic Emission Spectrometry", 
Revision 3, February 2007 v 
SUMMARY OF PROCEDURE v 
Prior to analysis, samples must be sf:Slu · ·~nr ~ested using appropriate Sample Preparation 
Methods. Refer to the appropriate S ~'Ve:ies methods for this procedure. 

This procedure describes the s· , multi-elemental determination of elements by ICP. 
The procedure measures ele t- light by optical spectrometry. Samples are nebulized 
and the resulting aerosol · . tra orted to the argon plasma torch via an argon carrier gas. 
Element~specific atomic mis n spectra are produced by a radio-frequency inductively 
c.oupled plasma. rr re disperse. d by an eschelle grating polychrom. eter, and the 
intensities are moni Segmented Charge Coupled Device (SCD). 

Tables 1 ande applicable elements, primary wavelengths, and reporting limits. The 
wavelengths I ted in hese tables have been selected because of their sensitivity and overall 
acceptae· avelengths may be substituted if they can provide the needed sensitivity, 
and are . eate with the same corrective techniques for spectral interference. Other elements 
m~y e . more information becomes available, and as required. 

3.4~ 1 limits are sampl~ dependent and may vary as the sample matrix varies; the 
tion limits provided in Tables 1 and 1A are the current nominal limits for relatively 

erence-free aqueous and soil matrices. These limits may need to be elevated for more 
plex sample matrices. 

3.5 Scandium (Sc) and Yttrium (Y) are used as internal standards and are not of interest at the 
quantitation limit. Background correction is required for trace element determination. 
Background intensities must be measured adjacent to analyte lines on samples during analysis. 
The position selected for the background intensity must be free from spectral interferences, and 
reflect the same change in background intensity that occurs at the analyte wavelength measured. 
Background correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result. 
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SOP Name: Inductively Coupled Plasma Atomic Emission Spectroscopy 
Perkin Elmer OPTIMA-3000/3300DV/5300DV 
SW-846 Method 601 OC 

SOP Number: GR-01-100 page 3 of 52 

4.0 PARAMETER OR COMPOUND LIST 

4, 1 This procedure may be used for the analysis of the following metals: 

Revision Number: 5.9 

Date Revised: 7/2211 
Date Initiated: 4/4/96 

Aluminum Molybdenum \ 
Nickel ~ 

5.0 

5.1 

5.2 

5.3 

Arsenic Phosphorus ~ 
Barium Potassium 
Beryllium Selenium O· 
Boron Silicon 
Cadmium Silver CJ 
Calcium Sodium 
Cerium** Strontium 
Chromium Sulfur * 
Cobalt Thallium f:o 
Copper Tin ~ 
Iron Titanium 
Lead Vanadium 
Lithium Zinc 
Magnesium v 
Manganese '-. ~ 

· * Optima 5300DV arr:'\ V 
**For interference co~~nly. 

REFERENCED SOPs ~ 
TriMatrix SOP GR-15-10~~ ~aste Disposal, latest revision 

TriMatrix SOP G~ .Acid Digestion of Sediments, Sludges and Soils Using Block 

Digestion, late~t ~ 

TriMatrix SO GR-0 147, Acid Digestion of Wastewater, Dissolved Water, Total Water and 
Extractsrg! igestion for the ICPAnalysis of Total Metals, latest revision 

5.4. T~. · ~R-01-119, Toxicity Characteristic. Leaching Procedure (TCLP) •. ·latest revision 

5.5.... ~P GR-01-117, Synthetic Precipitation Leaching Procedure (SPLP), latest revision 

5.6~trix SOP GR-10-123, Element™ Data Transfer and Review, latest revision 

5. 7 Tri Matrix SOP GR-10-125, Method Detectiori Limit (MDL), latest revision 

5.8 /CP Win/ab Software Guide, Revision E, June 1997 

5.9 Optima 3000 Family Hardware Guide, Release B, August 1997 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

6.1 Spectral Interferences 

gr01100 5.9.doc 



SOP Name: Inductively Coupled Plasma Atomic Emission Spectroscopy 
Perkin Elmer OPTIMA-3000/3300DV/5300DV 

Revision Number: 5.9 

SW-846 Method 601 QC 
SOP Number: GR-01-100 page 4 of 52 

Date Revised: 7/2211 
Date Initiated: 4/4/96 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

Spectral interferences are caused by: (1) overlap of a spectral line from another element; 
(2) unresolved overlap of molecular band spectra; (3) background contribution from 
continuous or recombination phenomena; and (4) stray light from the lin::~on of 
high-concentration elements. 

Spectral overlap .can be compensated for by computer-correcting Q dat after 
monitoring and measuring the interfering element. Unresolved overlap res selection 
of an alternate wavelength. Background contribution and str~ usually be 
compensated for by a background correction adjacent to the anal e line 

Users of simultaneous multi..:element instruments, such ~th p ima 3300DV and 
5300DV must verify the absence of spectral interference at e an ytical wavelength. As 
an example, Table 2 (Refer to Attachment 23.3, Ta 2, A e Emission Equivalents 
Arising from Interference for the Optima 3300) s s interferences that have been 
documented for the Optima 3300. The data~·n 2 is tended as rudimentary guides 
for indicating po.tential interferences. This d ·. · . ically change; therefore, these 
values are only guides. lnterelement co n ctors are re-evaluated every six 
months, or following major instrument intena hichever is more frequent. 

6.1.3.1 

6.1.3.2 interferences were 

based on the target 

Multiple elements. that interfere with a target analyte are in the solution 
where the highest degree of interference can be evaluated. For example, 
Chromium, Iron, Manganese, and Vanadium interfere with Magnesium. 
Iron is in IFB1 and the rest are in IFB2, so Magnesium is in IFB2 

To further validate interelement correction factors, all elements are 
monitored in each IFA solution to confirm that no false positive or negative 
greater then twice the analyte reporting limit is observed. If any are 
observed, locate and correct the problem before reporting analyte results. 

6.2 Physical Interferences 

6.2.1 Physical interferences are effects associated with the sample nebulization and transport 
processes. Changes in viscosity and surface tension can cause significant inaccuracies, 
especially in samples containing high dissolved solids or high acid concentrations due to 
a decrease in nebulization and transport efficiencies. The Optima 3300DV, and 5300DV 
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SOP Name: Inductively Coupled Plasma Atomic Emission Spectroscopy 
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6.3 

compensate for the viscosity and solids content by using on-line internal standard 
addition. The internal standards, in this case Sc and Y, are added via a peristaltic pump 

. to the sample stream as it is pumped into the plasma. If the internal standard intensity 
changes in a sample relative to a standard, the da.ta for that sample is~le onically 
altered· to reflect the assumed change in analyte intensity. . 

6.2.2 Samples containing large amounts of elements may decrease t~o ard ower 
available to the plasma for elemental excitation. The RF generator us erkin Elmer 
in the Optima 3300DV and 5300DV is a free running gener. , ing that the 
generator may compensate for a decrease in the forward p er b increasing the 
amount of power to the RF coil. The result of this compens6i a e forward power 
available to the plasma will remain at the set level if la e qu 1 1es of analytes are 
introduced into the system. · 

6.2.3 The Optima 3300DVand 5300DV use a mass flo~for the argon supply which has 
been reported to improve instrument performX2n ~ v 

Chemical Interferences 

6.3.1 Chemical interferences include molec~co~ und formation, ionization effects, and 
solute vaporization effects. Nor~, to/"effects are not significant with the ICP 
technique. 'V 

6.3.2 . If observed, chemical interferg be minimized as follows: 

6.3.2.1 By car of operating conditions such as incident power and/or 
obs osition 

6.3.2.2 ~e the sample 

6.3.2.3 ~ix matching · 

6.3.oy using the method of standard additions 

6.3.3 &I interferences are highly dependent on matrix type and the specific element. 

7.0~~.ECAUTIONS . 

7.1 Co ply with all instructions for health and safety as outlined in the TriMatrix Laboratory Safety 
ual and Chemical Hygiene Plan. 

7.2 Concentrated acids are used in the preparation of standards and samples for analysis by ICP. 
Gloves, laboratory coats and approved safety glasses must be worn at all times when handling 
samples and/or chemicals. Refer to the Material Safety Data Sheets (MSDS) for information on 
these or any other chemical utilized in this procedure. All MSDS documents are located on the 
laboratory intranet library in pdf form. 

7.3 Check the exhaust hood over the instrument to be sure it is operating correctly. If the ventilation 
system is not working properly, extinguish the plasma and immediately contact the metals lab 
supervisor. Under no. circumstances should the ICP be used if the exhaust hood is not working. 
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7.4 

is 

7.6 

7.7 

7.8 

7.9 

8.0 

8.1 

The plasma emits UV radiation. Avoid looking directly at the plasma without some type of strong 
UV protection. The instrument uses a UV resistant material in the viewing port so the analyst 
may watch the plasma. Do. not tamper with this plate .. Do not operate the instrume~t out this 
plate in place. Do not attempt to view the plasma directly or indirectly in any w . ilure to 
follow this policy may cause very serious and immediate damage to the retina o~t e . . 

The ICP emits a strong RF field. To minimize exposure to this field, Perkin as included 
several safety interlocks to prevent exposure of the analyst to h. armful re ver override 
any interlock on the ICP. When working on the instrument, always repla all o he RF shielding 
using all of the supplied screws. If any safety device has been tam(;· ntact the metals 
lab supervisor. 

The ICP uses argon to sustain the plasma and to nebulize t ampl the plasma. Although 
argon in and of itself is not hazardous or flammable, it y c e suffocation through oxygen 
deprivation. It is therefore imperative that all sources~f r be med off at the valve when not 
in use. Since argon is colorless and odorless, if you el · 11 tied, evacuate the metals lab at 
once and notify the metals lab supervisor. 

Many of the chemicals and elements used in t~pro~ ure are toxic if ingested. Refer to the 
MSDS for information on these or any othe~emi~ilized in this procedure. 

No food or drink is allowed in the metA.~ M' or drink may become contaminated with acid 
. or metals and may therefore be haza:~ 

Wash hands before starting k. icals may be present on the skin which may interfere 
with metals analysis. Wa before leaving the metals lab. Chemicals and acids may be 
on the skin which coul tual be ingested or passed on to a third party through casual 
contact. ~· 

SAMPLE sizA~N, PRESERVATION AND HANDLING PROCEDURES 

Aqueous ,~t have been acidified at the time of collection to a pH of <2. If the pH is not 
<2 whe recei d by the laboratory, the sample pH must be lowered to <2 during the sample 
r~eei es A minimum of 24 hours must elapse after adjustment prior to sample digestion. 

8.2.... ~ s les require no preservation for metals. However, if the same sample container is '0 ed for other analyses where refrigeration of the sample is needed. store the sample at 0-

8.3 Samples may be collected in glass or plastic. If Silicon or Boron is to be analyzed, plastic 
containers must be used. The acidified sample must never come into contact with any metal as 
this would cause leaching of the metal into the sample. 

8.4 For the analysis of dissolved metals, the sample must have been filtered on site and then 
acidified to pH <2. If the pH was not <2, the sample pH must be lowered to <2 during the sample 
receipt process and a minimum of 24 hours must elapse after adjustment prior to sample 
analysis. 
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8.5 

8.6 

8.7 

9.0 

9.1 

9.2 

Hold times for all metals for ICP analysis is 180 days. In the case of TClP or similar leachates, 
the hold time starts once leachate generation has been completed. 

The minimum samp.le size for this procedure is 50 ml a. nd 150 ml if. samples requi;q'l; QC. 
Soils, sediments, and solid waste samples require a minimum of 50 g of sampl smaller 
minimum amount may be used if the sample may be diluted at the sacrifice~f itation 
limit. 

Digested (solubilized) samples and undigested acidified aqueous ~ eed not be 
refrigerated. All samples and digestates must be at room temperature beoys1s. 

c; INSTRUMENTATION, APPARATUS, AND MATERIALS 

Inductively coupled argon plasma emission spectrometer: ,A 
9.1.1 Optima 3000/3300DV/5300DV lnductive~~u Plasma Optical Emission 

Spectrometer with an Eschelle based poly et and a Segmented-Array Charge-
Coupled-Device Detector (SCD). The~·nstru s capable of taking readings in the 
UVNIS spectrum with a wavelength e 167 to 782 nm. The RF generator 
employed runs at 40 MHz. '- ~ 

Operating conditions: Theaa~Mst follow the instructions provided by the 
instrument's manufacturer. ensit ity, instrumental reporting limit, precision, linear 
dynamic range, and int n cts must be established for each individual analyte 
line on that particula . All measurements must be within instrument linear 
range. The anal (1) verify that the instrument configuration and operating 
conditions satis an ical requirements and (2) maintain quality control data 
confirming instr ormance and analytical results. 

9.1 .2 Perkin 
install 

autosampler, model AS-90/AS-91. This autosampler must be 
in Elmer representative. 

Recircule lyscience 633 or equivalent. Temperature must be maintained at between 
15 and °C a pressure must be between 45 and 80 psi. The recirculator is attached directly 
t~oh · to maintain isothermal conditions within the optics cavity. 

9.3~ u unning Perkin Elmer control software. An IBM compatible 80486SX25 or faster 
r with at least 64 MB RAM, a 1G hard disk, and a VGA color monitor is needed. The 

cu nt software used by the instrument is ICP Winlab software version 1.47 running in a 
· dows NT Environment. The software version may be updated if it performs at least as well as 

the older version. Major updates, such as moving to another operating platform will require an 
update to this procedure. · 

Note: Refer to the Equipment List located on the laboratory intranet library for a full 
description of minimum and current instrument specifications. 
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9.4 Appropriate Printer. The printer must be attached to the computer using an appropriate 
communication cable. Refer to the Instrument manual for further printer specifications. 

9.5 

9.6 

9.7 

9.8 

9.9 

1 5 ml clear centrifuge tubes or equivalent These tubes must stand uprig: t the 
autosampler rack without tipping or leaning. 

Autopipettors capable of delivering 50-1000 µL. 

Class A volumetric flasks, various volumes. 

Class A reusable pipettes, various volumes. 

500 ml plastic bottles for standards and quality control. 

10.0 ROUTINE PREVENTIVE MAINTENANCE ~fV 
10.1 At the beginning of each shift(every 8 hours) them · p p tubing must be replaced. Refer 

to Section 15.5 for a discussion on chang~ the~ p tubing. Update the instrument 
maintenance logbook. V 

10.2 There are filters on the Optimas that mg~ regularly. 

10.2.1 Remove the filters from th hold . Some filters have covers that pop off. These 
filters can be washe~. e slide up and out of the holder. These filters need to 
be purchased and r · 

10.2.2 To wash the fil~ s p and water to loosen any dirt and dust from the filters. 

10.2.3 Squeeze~: water from the filters. Dry the filters with a paper towel. Allow 

thesgfi ~-
10.2.4 If th e are xtra filters, replace the filters on the instrument, otherwise wait until the 

r1~ ed filters are dry before replacing them. 

1~.2. ~a note in the instrument maintenance logbook that the filters were cleaned. 

dispose of the liquid. 
10.~ c waste container on the floor under the instrument every shift. If the container is full, 

10.4 · ally inspect the torch before lighting the plasma. Do not touch or move the torch. This 
inspection must be visual only. 

10.4.1 Open the doors to the torch chamber. 

10.4.2 Observe the torch. If the torch is broken or cracked, replace it. Refer to Section 10.5 
for instructions on assembling and disassembling the torch. 

10.4.3 Listen for any obvious leaks in the argon lines going to the torch or nebulizer. If leaks 
are heard, investigate them and tighten the fittings to stop the leak. If the leak cannot 
be found or cannot be stopped, contact the metals lab supervisor. 
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10.5 Once every four to eight weeks, disassemble the. entire torch assembly and inspect all parts for 
wear. Replace all worn or damaged parts. Record all changes in the instrument maintenance 

logbook. ~ 

cracks in the tubing. If a problem exists, replace the 0-rings in the in p. ace a 
10.5.1 Inspect the drain line at the base of the spray chamber. There m~s ks or 

note in the instrument maintenance logbook that the tubing was repla 

10.5.2 Inspect the nebulizer for wear. 0 
10.5.14.1 Salt deposits, if present, should be removed 1th w r. 

10.5.14.2 
excessive wear is noted. Re Ci actions in the instrument 
maintenance logbook. ~ · 

10.5.3 Replace the alumina injector with a ne e ed .one. To clean dirty alumina 
injectors, place them in a plastic 10 ml ted cylinder. In a hood, cover the 
injectors with aqua regia. Allow the 1 tor t soak for 2 hours. Rinse the alumina 
injectors with tap water, then L orato gent water. Place clean injectors in the 
appropriate drawer for future. the change in the instrument maintenance 
logbook. 

10.5.4 Check all 0-rings on jector holder. Any cracked or chipped 0-rings must 
be replaced wi~h n e book located next to the spare parts drawers has an 
exploded view e ch assembly. Use this diagram to identify the exact part 
number need r r acement. Note any replacements in the instrument 
maintenance boo 

10.5.8 Replace the alumina injector. 

10.5.9 Replace the torch on the assembly. 

10.5.10 Replace the nebulizer. 

10.5.11 Replace the torch assembly on the mounting bracket. 
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10.6 

11.0 

11 .1 

11.2 

11.3 

10.5.12 Close the torch box doors. 

10 .5.13 .Note any changes made to the torch. during this procedure in the instrument 
maintenance logbook. · . \ 

Inspect the printing quality of the printer. If the print is hard to read or light in a,,~place 
the printer cartridge with the appropriate replacement. ~ 

CHEMICALS AND REAGENTS Q 
Acids used in the preparation of standards and for sample proces€jm t e reagent grade or 
better. Re-distilled acids may be used if it has been demonstra th the acid is free from 
contamination. 

11.1.1 Concentrated hydrochloric acid, trace ~e lo(Fisher Cat #A508-212) (or 
equivalent). ~ V 

11.1.2 Concentrated nitric acid, trace metal ~e (r-~ Cat. #A509-212) (or equivalent). 

Laboratory Reagent Water from the MilliQ ~emy 

Argon gas supply: Welding grade or~tt~ ¥nt1y, this is plumbed from a liquid argon tank 
located outside of the building. Ar o ·s use as the main plasma gas, the auxiliary plasma gas, 
and the nebulizer carrier gas. 

11.4 Nitrogen gas supply: C~· r: ti , is is plumbed from a liquid N2 tank located outside of the 
building. N2 is used to the tics cavity of Oxygen so that measurements below 190 nm 
may be made accu~rte 

11.5 Aqua Regia. ~ s ncentrated hydrochloric acid to one part concentrated nitric acid. 
This is used to v es and alumina injectors. 

12.0 STANDGs ~EPARATION 
12.1 ~~e matrix matched as close to sample matrices as possible. Primary Standard 

t s ns are purchased from Inorganic Ventures, Absolute Standards and/or SCP Science. 
solutions are ICP grade single-element (1000 or 10,000 mg/L) or custom multi-element 

ions at varied concentrations. All primary standards expire on the supplier's expiration date. 

12.2 Secondary Standard stock solutions are purchased from other certified sources. All secondary 
standards expire on the supplier's expiration date. 

12.3 All ICP working standards and dilutions prepared from primary standards expire 3 months after 
preparation or on the expiration date of the primary standard, whichever is earlier. 

12.4 Current purchased custom multi-element standards include: ICP Stock A, ICP Stock 8, CRL 1 
Stock and CRL 2 Stock. 

12.5 Prepare the working standards . 
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Note: 

12.5.1 

12.5.2 

12~5.3 

If Sulfur is a target analyte, refer to Section 12.6. 

Rinse four clean 500 ml class A volumetric flasks with laboratory rea:~ter a 
minimum of three times. 

Place 100 ml Laboratory reagent water into each flask. n 
Pipette the correct amounts of acid into the flasks depenQ~e final acid 
concentration desired. 

12.5.3.1 For 10% HCl/5% HN03, place 50 ml HCI i~the as and swirl. When 
the mixing lines are gone from solution, add m N03 to the flask and 
swirl until the mixing lines are gone. T · is for samples. 

12.5.3.2 

12.5.3.3 For 0.5% HNO,, pl!'ie.:~ · ;N03 into each flask and swirl until the 
mixing lines ar~' ~~on-digested aqueous samples. 

12.5.4 Pipette 5.0 ml of ICP Sta A, 5. ml of ICP Stock B, 50 µL of 10000 mg/L Ce and 
500 µL of 1000 mg/~L f. the flasks. This is standard four for the calibration 
curve. · 

12.5.5 Pipette 2.5 mLL~ k A, 2.5 ml of ICP Stock B, and 250 µL of 1000 mg/L Ag 
into one ~~is is standard three for the calibration curve. 

12.5.6 Pipef5t o P Stock A, 0.5 ml of ICP Stock B, and 50 µL of 1000 mg/L Ag into 
one th . This is standard two for the calibration curve. 

12.5.7 flt · ml of CRL 1 Stock and 0.25 ml of CRL 2 Stock into one of the flasks. 
This standard one for the calibration curve. 

1~1 e each flask to the volumetric mark with Laboratory re. agent water and mix well. 
o not transfer to bottles. Adding the water generates heat and a final volume 

adjustment must be made after the flasks return to room temperature . 

. 9 Update the standard numbers in element. 

12.5.10 After the final volume adjustment, pour the flask contents into clean bottles and label to 
describe each bottle's contents. 

12.6 Sulfur working standards are prepared separately. 

12.6.1 Rinse four clean 100 ml class A volumetric flasks with Laboratory reagent water a 
minimum of three times. 

12.6.2 Place 25 ml Laboratory reagent water into each flask. 
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12.6.3 Pipette the correct amounts of acid into the flasks depending on the final acid 
concentration desired. 

12.6.4 Pipette 500 µL of the 1000 mg/L sulfur standard into one of the flasks. This is\tandard 
4 for the curve. ~ 

12.6.5 Pipette 250 µL of the 1000 mg/L sulfur standard into a .second flask. as standard 3 
for the curve. o~: 

12.6.6 Pipette 50 µL of the 1000 mg/L sulfur standard into the t · fl is is standard 2 
for the curve. 

12.6.7 
for the curve. 

12.6.8 · Dilute each flask to the volumetric mark 0b ry reagent water and mix well. 
Do not transfer to bottles. . Adding the r nerates heat and a final volume 
adjustment must be.made after the fl~ retu:' room temperature. 

12.6.9 Update the standard numbers in ~mer¥ 

12.6.10 After the final volume adjusAV. flask contents into clean bottles and label to 
describe each bottle's cont~ · 

12.6.11 Refer to Attach'L~ 5, Optima Working Standard Concentrations. 

12. 7 Prepare the stock inIBrel~,~ :ndard solutions for IFA-1, IFA-2, IFB-1, and IFB-2. 

12. 7.1 The solu~1· is purchased from Inorganic Ventures. 

12.7.2 PreA~s~1 Analytes. 

Q
r\..JRinse a clean 100 ml class A volumetric flask with Laboratory reagent 

water a minimum of three times. 

-.........._~ 2 2 Place 2 ml HN03 in the flask. 

. 
. ~2:7:2:3 Pipette the following amounts of the standards below into the flask, swirling 
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after each addition. Always use a new pipette for each standard and never 
pipette directly out of the primary standard source bottle. 

12. 7.2.3.1 1.0 ml each of 10000 mg/L Cd, Ni, Pb, Zn 

12.7.2.3.2 0.5 ml each of 10000 mg/L Ba, Co, Cr, Cu, Mn, V 

12.7.2.3.3 10 ml of 1000 mg/L Ag 

12.7.2.3.4 0.05 ml of 10000 mg/L Be 
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12.7.3 

12.7.2.4 Dilute each flask to the volumetric mark with Laboratory reagent water and 
mix well. Do not transfer to bottles. Adding the water generates heat and 
a final volume adjustment must be made after the flasks· return to room 
temperature. \ 

12. 7.2.5 Update the standard numbers in element. ~ 

12.7.2.6 After the .. final volume adjustment, pour the flask content~. clean bottles 
and label to describe each bottle's contents. o" 

Prepare solution IFA-2 lnterferent. ~ 

12.7.3.1 Rinse a clean 100 ml class A volumetric sk h Laboratory reagent 
water a minimum of three times. Pl~c L m the flask. 

12.7.3.2 Pipette the following amounts of .. nda. s below into the flask, swirling 

12.7.3.3 

after each addition. Always u · te for each standard and never 
pipet directly out of the prima C:la source bottle. 

12.7.3.2.1 10 ml each o 

Dilute. each flas~~. .n ohlu •~. tric mark with Laboratory reagent water and 
mix well. Don tra~~ttles. Adding the water generates heat and 
a final volume djust nt must be made after the flasks return to room 
tempera~ . 

12.7.3.4 Up"~~rniard numbers in element. 

el to describe each bottle's contents .. 
12.7.3.5 f!r t~he al volume adjustment, pour the flask contents into clean bottles 

12.7.4 Pre~ IFA-'2 Analyte. 

Q
r"-./Rinse a clean 100 ml class A volumetric flask with Laboratory reagent 

water a minimum of three times. Place 2 ml HN03 in the flask . 

. 2 Pipette the following amounts of the standards below into the flask, swirling 
. . after each addition. Always use a new pipette for each standard and never 

pipet directly out of the primary standard source bottle. 

12.7.4.3 

. 12.7.4.4 
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12. 7.4.2;1 1.0 ml of 10,000 mg/L Al, As, B, Mo, Sb, Se, Tl 

12.7.4.2.2 5 ml each of 10,000 mg/L Ca, Mg, Na 

Dilute the flask to the volumetric mark with Laboratory reagent water and 
mix well. Do not transfer to a bottle. Adding the water generates heat and 
a final volume adjustment must be made after the flasks return to room 
temperature . 

Update the standard numbers in element. 
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12.8 

12.7.4.5 After the final volume adjustment, pour the flask contents iota a clean bottle 
and label to describe the bottle's contents. 

Prepare the interelement check standard solution IFA-1. \ 

12.8.1 Rinse a clean 500 ml Class A volumetric flask with Laboratory~~ter a 
minimum of three times. 

12.8.2 Place about 100 ml Laboratory reagent water into the flask. 0 
12.8.3 Pipette the correct amounts of acid into the flasksworr. the final acid 

concentration desired. 

12.8.4 Pipette 10 ml of the solution lnterf-1 into the flask 

12.8.5 Dilute the flask to the volumetric mark wit(f@L ory agent water and mix well. Do 
not transfer to a bottle. Adding the water . er e t and a final volume adjustment 
must be made after the flask returns to roo p ure. 

12.8.6 Update the standard numbers in elemv 

12.8. 7 After the final volume adjusc::s~ur ~ flask contents into a clean bottle and label 
to describe the bottle's cont ts.' v~ 

12.8.8 Refer to attachment~ king Solution) 

12.9 Prepare the interelement ~~ ~a;:(j solution IFA-2. . 

12.9.1 Ri.nse a ~°'- Class A volumetric flask with Laboratory reagent water a 
mrnrmum mes. 

12.9.2 Pia~ · boratory reagent water into the·flask. 

12.9.3 e\,,,.J correct amount of acid into the flask depending on the final acid 
cone tration desired. 

1~1 ette 10 ml of the solution IFA2 - lnterferent into the flask. 

~ilute the flask to the volumetric mark with Laboratory reagent water and mix well. Do 
. not transfer to a bot.tie. Adding the water generates heat and a final volume adjustment 

must be made after the flask returns to room temperature. 

12.9.6 Update the standard numbers in element. 

12.9. 7 After the final volume adjustment, pour the flask contents into clean bottles and label to 
describe each bottle's.contents. 

12.9.10 Refer to Attachment 23.5 (IFA.,2 Working Solution) 

12.10 Prepare the interelement check standard solution IFB-1. 
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12.11 

12.10.1 Rinse a clean 500 ml Class A volumetric flask with Laboratory reagent water a 
minimum of three times. 

12.10.2 Place 100 ml Laboratory reagent water into the flask. 

12.10.3 Pipette the correct amount of acid into the flask 
concentration desired. 

12.10.4 Pipette 1 O ml of the solution lnterf-1 into the flask and swirl.. 0 
12.10.5 Pipette 5 ml of the solution ICS-1 analyte into the flask an i 

12.10.6 Dilute the flask to the volumetric mark with Laboratory re ent ter and mix well. Do 

must be made after the flask returns to room te ra . 

12.10. 7 Update the standard numbers in element. . 

12.10.8 
to describe each bottle's contents. 

12.10.9 RefertoAttachment23.7, T~ B- orkingSolution). 

Prepare the lnterelement Check solut~ 

12.11.1 Rinse a cleantf.O ~ A volumetric flask with Laboratory reagent water a 
minimum of thre e 

12.11.2 Place 100 me bor reagent water into a flask. 

12.11.3 PipfSet cor amount of acid into the flask depending on the final acid 
con tra n sired. 

12.11.4 f"'e1: L of the solution IFA-2 interferent into the flask. Swirl the flask. 

1~.1 ~ 5 ml of the solution IFA-2 analyte into the flask. Swirl the flask. 

. . ilute the flask to the volumetric mark with Laboratory reagent water and mix well. Do 
not transfer to a bottle. Adding the water generates heat and a final volume adjustment 

. must be made after the flask returns to room temperature. 

12.11. 7 Update the standard numbers in element. 

12.11.8 After the final volume adjustment, pour the flask contents into a clean bottles and label 
to describe the bottle's contents. 

12.11.9 Refer to Attachment 23.8, Table 7 (IFB-2 Working Solution). 

12.12 Prepare the CRL working standard. 
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12.12.1 Rinse a clean 500 ml Class A volumetric flask. with Laboratory reagent water a 
minimum of three times. 

12.12.2 · Place about 100 ml Laboratory reagent water into the flask. 

12.12.3 Pipette the correct amounts of acid . into the flask depending 
concentration desired. 

12.12.4 Pipette 0.5 ml of the CRL 1 Stock and 0.5 ml of the CRL 2 Sta~ ask. 

12.12.6 Dilute the flask to the volumetric mark with Laboratory re6 e d mix well. Do 
not transfer to a bottle. Adding the water generates heat nd a a volume adjustment 
must be made after the flask returns to room temperature. 

I 

· 12.12. 7 Update the standard numbers in element. C\ 
12.12.8. After the final volume adjustment, pour th~>~s into a clean bottle and label 

to describe the bottle's contents. v 
12.12.9 Refer to Attachment 23.13 v 

12.13 Prepare the internal standard solutiong~ 
12.13.1 Rinse a clean 1000 ml ss A olumetric flask with Laboratory reagent water a 

minimum of three tim~ 

12.13.2 Place 100 ml LJ!ta~~nt water into the flask. 

12.13.3 Pipette t~e ;.e~ounts of acid into the flask depending on the final acid 
concentr · · ed. 

12.13.4 Use A listed to prepare concentrations for the instrument being used: 

mg/LY stock standard into the flask for the Optima 3300DV . Q\wJPipette 0.5 ml of 10000 mg/L Sc stock standard and 1.0 ml of 10000 

.........._~ 4.2 Pipette 3.0 ml of 10000 mg/L Sc sto.ck standard and 0.30 ml of 10000 
~ mg/L Y stock standard into the flask for the Optima 5300DV . 

. 5 Dilute each flask to the volumetric mark with Laboratory reagent water and mix welL 
Do not transfer to bottles. Adding the water generates heat and a final volume 
adjustment must be made after the flasks return to room temperature. 

12.13.6 Update the standard numbers in element. 

12.13. 7 After the final volume adjustment, pour the flask contents into clean bottles and label to 
describe each bottle's contents. · 

12.14 Prepare the Secondary Calibration Verification (SCV) 
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12.14.1 There are two SCV stock solutions currently being purchased from Environmental 
Express. 

12.14.1.1 QC Solution A: . \ 

12.14.1.1.1 500 mg/lofAI, As, Tl, Se n ~ 
12.14.1.1.2 1000 mg/leach of Ca, K, Mg, Na " 

12.14.1.1.3 100 mg/l each of V, Ba, B, Cu, Fe, Li,e, C Cr, Co, Pb, Mn, 

Ni, Sr .c; 
12.14.1.1.4 10 mg/lofBe 

12.14.1.2 QC Solution B: A 
12.14.1.2.1 500mg/lof Sn,s/,;V 

12.14.1.2.2 100mg/lea~f~i 
12.14.2 The working SCV is prepared fr~ail¥ 

12.14.2.1 Pi pet 50 µl of rA_"Vock into 9.9 ml of 10% HCl/5% HN03 reagent 
blank. This is f~amples. 

12.14.2.2 Pipet 5~. L SCV stock into 9.9 ml of 5% HCl/5% HN03 reagent 
bl~~~ordigested aqueous samples. 

· for non-digested aqueous samples. 
12.14.2.3~t ~ 5 of each SCV stock into 9.9 ml of 0.5% HN03 reagent blank. 

12.14.3 Ref~ ent 23.12, Table 11, SCV Concentration when diluted according to 
inst~ 

13.0 s~ORAnoN 
13.~ s , oil and waste samples must be digested prior to analysis. Refer to TriMatrix SOP · 

- 137 for the digestion procedure. 

13.2 P and SPLP Leachates must be digested. Refer to TriMatrix SOPs GR-01-119, GR-01-117, 
and GR-01-147 for extraction and digestion. 

13.3 Water and groundwater samples for total metals must be digested. Refer to TriMatrix SOP GR-
01-147 for the digestion. 

14.0 CALIBRATION PROCEDURES 

14.1 The Optima 3300DV and 5300DV must be calibrated for every analytical run or every 24 hours, · 
whichever is more frequent. 
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14.1.1 At least once per week or after instrument maintenance, the instrument must be 
profiled using a 10 mg/L Mn solution. 

14.1 .1.1 Click on the tools drop down menu, then spectrometer contro~ 
14.1.1.2 Aspirate the 10 mg/L Mn solution. n 
14.1.1.3 Click on "optimize". For dual view instruments, bo~~ axial views 

must be optimized. V 
14.1.1.4 The instrument will take several readings~. t dii~ rent positions in the 

plasma path. V 
14.1.1.5 When readings are complete, the irA will set the viewing position to 

the highest emission count. <¢ v 
14.1.1.6 Record the highest emission c an position setting in the maintenance 

logbook. 

14.1.1. 7 If emission readings~~ than 30% from the recorded value due 
to wear or instrg'~nce, re-profile the emission output. 

14.1.2 Calibration standards are p ared ccording to Section 12.0. The final concentrations 
of the working stand.~ reate the curve are listed in Attachment 23.6(Table 
5). 

Note: c&, of the lowest calibration standard must be at or below the 

14.1.3 The·# of a
1

t~inimum of two exposures of each standard to the plasma is 
use g a calibration curve. 

14.1.4 ~ , calibration is performed using a multi-point calibration with a calculated 
. . tercept (not forced). The correlation. coefficient must be greater than or equal to 

If correlation is less than 0.995, recalibrate the instrument or po.stpone analysis 
or only out-of-control elements, until an acceptable calibration can be attained. If 
orrelation is still less than 0.995, contact the metals . laboratory supervisor for 
ssistance. . 

14. r calibration, initial QC followed by samples and continuing QC is performed. 

14.2.1 
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Analyze the secondary calibration verification (SCV). The SCV standard must be 
prepared from an independent (second-source) material at or near the mid-range of the 
calibration curve. The control window for the SCV is 90 to 110% recovery of the true 
value. If the percent recovery of any target analyte does not fall within the control 
window, reanalyze the SCV one time. If the recovery is still out of control, recalibrate 
the instrument and start the analysis at Section 14.2 or postpone analysis for only the 
out-of-control elements until an acceptable calibration can be obtained. 
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14.2.2 

14.2.3 

14.2.4 

14.2.5 

Analyze the continuing calibration verification (CCB). The CCB is a reagent blank 
having the same acid concentration as the standards. The absolute value of the mean 
CCB reading must be less than the lowest reporting limit required for the analysis. If 
the CCB is not within the control limit, reanalyze the CCB one time. ~ ti*tery is 
still out, recalibrate the instrument and start again at Section 14.2 or post n . nalysis 
for only the out-of-control elements until an acceptable calibration ca~b . 

Analyze the Contract Required Detection Limit (CRL). Analyze a lo I standard at 
2 times the standard quantitation limit. The control window is e recovery. If 
the recovery is outside of the control window, a narrative must e atta ea to the LIMS 

batch. ~ 
Analyze the IFA-1 solution. The IFA-1 is comprised int ering elements only. 
Depending upon the analytes of interest, a secon -2 s on containing additional 
elements may also need to be. analyzed. p ose of the standard(s) is to 
demonstrate that, with the current interele~e ecti factors in place, there are no 
measurable spectral interferences. Th C a ance window is 80 to 120% 
recovery of the true value for the elemen e nd ±2 times the reporting limit for 
the elements not spiked in the solutio\i... ~ 

Analyze the IFB-1 solution (lnte~&r.mer¥ction Standard-1). The IFB-1 solution is 
a standard that contains four le nts (interferents) at high concentrations with 
remaining elements presen tr Is. Depending upon the analytes of interest, a 
second IFB-2 solution con ·ning ditional elements may also need to be analyzed. 
The purpose of the s · to demonstrate that, with the current interelement 
correction factors i e are no measurable spectral interferences. The QC 
acceptance wind to 120% recovery of the true value. 

14.2.8 Analyze up to 10 samples. If the percent RSD is >20 for any result, the sample 
immediately prior is to be checked for a high analyte concentration. If the analyte is 
high, then check the replicates of the sample in question to verify the concentration is 
not decreasing. If the concentration is decreasing, reanalyze the sample. If the 
replicates are not decreasing, report the result. 

14.2.9 Analyze the CCV again. If the CCV is not within the control limits, reanalyze the CCV 
one time. If the recovery is still out, recalibrate the instrument and start again at 
Section 14.2, or postpone analysis for only the out-of-control elements until an 
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15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

acceptable calibration can be attained. All samples with an unacceptable CCV must be 
reanalyzed for the affected target analyte(s). 

14.2.10 Analyze the CCB again. If the CCB is not within the control limits, reanalyz he CCB 
one time. If the recovery is still out, recalibrate the instrument and art gain at 
Section 14.2 or postpone analysis for only the out-of-control ~le n til an 
acceptable calibration can be attained. All samples with an unaccep e CB m st be 
reanalyzed for the affected target analyte(s). 

14 .2.11 Repeat Sections 14.2.8 through 14.2.11 until the end of the amen. 

14.2.12 End the run with a compliant CCV and CCB analysis. G 
ANALYTICAL PROCEDURE A 
Note: The following ~ection assumes the ~~er · fa-,~h Optim~ 3000, 3300DV and 

5300DV operating software. If unfamrhar sur consult the instrument manual for 
additional instructions. This proce~~~~· s adequate instruction, but is not 
intended to replace instrument operati. ·~ s. 

Preliminary treatment of all matrice~· ~"'yc:~ecessary because of the complexity and 
variability of sample matrices. Dige on ~'¥'~s are presented in the appropriate Sample 
Preparation Methods. 

Turn on the instrument. ~ . 

Boot the computer and r~,:;;,,are. 
If the instrument p5!F generator power was not on when the system was booted, an 
equilibration t~·m ·1 re red by the instrument before the plasma may be lit. The instrument 
software will rt t o rator in this event. Wait until the instrument alerts you that it is ready 
before procee g to e next step. 

ChangeC~taltic pump tubing. The tubing should be changed every eight hours since the 
tensi ~n the tubing by the pump will cause the tubing to stretch. Place the waste line 

om so that the pump is pumping the waste away from the ICP. Place the internal 
::'!'l~~~e in the middle so that the pump is pumping the internal standard toward the ICP. 
t-.tcei"'1e sample line on the top so that the pump is pushing the sample to the ICP. Refer to 
Fig e 1 for the correct orientation of the pump tubing. Update the instrument maintenance log to 

ct the change in the pump tubing. Currently, three types of tubing are being used: 

Color Type 

.c ---~-~<!£~Black ____ , ____ Sa!!IP~'-l_!!l~----·' 

.... 2-~P~~qf~~'-'- : Iri~er.ri'l.1. ~~~d.!ir~ line 
Red/Red · Waste line 
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Figure 1 
Peristaltic Pump Setup 
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15.6 Recalibrate the spectrometer. The Hg recalibration helps to compensate for drift during the 
analysis. Although not required, this procedure will greatly increase the stability of the 
spectrometer, and is therefore highly recommended. Enter the spectrometer mode. Click on the 
Hg recalibration button. Wait until the computer states that the Hg lamp recalibratio:; tlete. 
Change the Hg recal time to 2 hours. 

15.7 Refer to Attachment 23.9, Table 8, Element Conditions for the Optima 3000. ~ indic te no 
background subtraction point used for this interval. ~. 

15.8 Set up the analysis on paper using a sample identification weight sh t (ID sheet). This 
sheet has columns where the operator enters the sample descriptio o ing autosampler 
position number, and any subsequent dilutions performed on the ampl his· sheet must be 
filled out before continuing with the procedure, as it is an integral of e analysis. A typical 
starting sequence for the ID/WT sheet is given in Tab~e Con the area supervisor if 
assistance is required in filling out this sheet. 

15.9 Refer to Attachment 23.10, Table 9, ID/WT S~ ~~ r Instrument Calibration and 
Verification v 

15.10 Set up the analysis. . v 
15.10.1 Enterthean. alysissequenceo·· ~ 
15.10.2 Analyze samples. . 

15.10.3 When tile anal::(~ the autosampler will return to position "O" and wait for 

operator input.~ ""~~-

16.0 CALCULATIONS~ HANDLING 

16.1 The concentr~~mple is read directly from the computer printout. Dilution factors 
should be tak~count in the sample information file. 

6C•mtr> Dfo,~• • DFs-

17.~0~RTING AND DELIVERABLES . 

17. An sts running samples are nresponsible for exporting each run to the laboratory information 
agement system (Element ) in accordance with TriMatrix SOP GR-10-123. It is essential to 

perform the export correctly to place data from the instrument appropriately and accurately in 
Element"'. Prepare data files for exporting as follows: 

17.1.1 Instrument 116 and 311 (Optima 3300DV, 5300DV) 

17.1.1.1 Click on "File", "Utilities", then "Data Manager". 

17 .1.1 .2 Highlight the dataset to be exported then click "Export". · 
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17.2 

17 .1.1.3 Click "New Design", then "Next" and then "Next" again on the two following 
windows without making any changes. 

17 .1.1.4 Change the dataset file name extension to ". prn". 

17.1.1.5 Change the directory to groups/LabMe/116(311 )/current m~~•i::'7!111aa. .... then 
click "next". 

17.1.1.6 Highlight all available parameters and click "Add" Q " Repeat for 
the following page. 

17.1.1.7 Finally, click "Export Data" and when comple , clos t ewindow. 

and returned to the COC file location. 

17.3 All hardcopy generated from the analysis must bear~ riately. 

17 .4 All logbooks must be filled in completely and co~:~·k ~ ctions are to be made with a lineout, 
not a writeover, and must be dated and initialed. ~- son a logbook page must be Z'd out. 

18.0 QUALITY ASSURANCE 

18.1 

18.2 Linear range studies muJi_:_]. armed quarterly (or more frequently if specified by project 
DQO's), or when there is~ ~~ca change in instrument response. 

18.2.1 To perfor~ range study, calibrate the instrument as it would be calibrated for 

anagt ~ 
18.2.2 Run tand ds at high concentrations and calculate the percent recovery for each 

good place to start is 100 mg/L. 

ntration. If the percent recovery is not acceptable, run a standard at a lower 
ncentration. 

1~.2. percent recovery is acceptable (90%-110%), run a standard at a higher 

4 The last standard concentration that had a percent recovery within the acceptance 
window will be designated as the linear range for that element. 

18.3 IDL studies must be performed initially, after interelement correction factors are updated and after 
significant changes to the instrument. Calculate the IDL as follows: 

18.3.1 Analyze seven sequential aliquots of matrix-matched metals reagent water. Repeat on 
two more non-consecutive days to obtain 21 results in 3 datasets. 

18.3.2 Input these data to the IDL spreadsheet located on the laboratory intranet to calculate 
the IDL which is the calculated average standard deviation. 
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18.3.3 The spreadsheet compares the calculated IDL to the calculated method detection limit 
(MDL). The IDL must be less than the MDL. If not, locate the source of the problem 
and repeat the IDL/MDL studies successfully. Repeat only for elements that failed. 

18.3.4 Consult the metals supervisor and/or the quality assurance department if lpeated 
studies indicate the IDL is not less than the MDL. ~ 

18.4 lnterelement correction factors must be updated every 6 months. ~ 
18.4.1 lnterelement correction factors must be used. Q 

18.5 

18.4.2 To update or create factors, pure single-element sta~rd u ions of interfering 
elements are aspirated into the instrument at levels uiva nt to those found in 
samples. The instrument measures the intensity o of th alytes, and the intensity 
of the interfering element. The ratio of false ly ·ntensity to interfering element 
intensity is called the interelement correctio e factors may be positive or 
negative depending on if the interfering ses a false positive or false 
negative reading for the analyte. 

18.4.3 Refer to Addendum 23.15 Generatin ment Correction Factors (IEC) for ICP 

Dilution is not required for samples~d· ~s ~eeding the calibration range until 90% of 
instrument linearity is exceeded (Seer 1 ~~ 

18.5.1 If a project specifica uantitation within the calibration range, analyze a 
single-point sta~da centrated th.an the sample/digestate. If the s.ingle-point 
result is betwee O 110% of the expected concentration based on the existing 
calibration, sa ige te results between the highest calibration point and the 
single-point s dar ay be quantitated without diluting. 

18.5.2 The~i - in ndard concentration must remain equal to or less than 90% of the 
esta sh 1 r range. The high level standard must be analyzed prior to analysis of 
the sing CV/CCB. 

18.5.3 EJmple/digestate concentration exceeding 90% of the linear range must be diluted. 

18.6 l~m1rnmum of one Method Preparation Blank (BLK) per sample batch to determine if 
m on or any memory effects are occurring. The BLK must be carried through all sample 

tion. Results must be at or below the reporting limit. 

18. de a minimum of one Laboratory Fortified Blank (BS) per sample batch. The BS must be 
carried through the sample preparation procedure. The BS is reagent water spiked with each 
analyte between the low and mid-level standard except minerals, which are spiked at a higher 
level. The acceptance window is not to exceed 80 to 120% recovery of the prepared 
concentration. When historical limits are available, they may be used if within the 80 to 120% 
maximum. If the BS is outside the acceptance window, re-run once. If still outside the 
acceptance window, all samples associated with that BS must be re-prepared and re-analyzed. 

18.8 Analyze one matrix spike (MS), and one matrix spike duplicate (MSD), at a frequency of at least 1 
in 20 (5%). MS and MSDs are aliquots of sample to which is added a known quantity of analyte 
between the low and mid-level standard except minerals, which are spiked at a higher level. The 
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percent recovery of the analyte is calculated. The percent recovery is not to exceed 75 to 125% 
recovery (or in-house established limits) with an RPO <20%. This measures the accuracy of the 
sample preparation method as well as the effect of the matrix on the analysis. The relative 
percent difference is calculated from the MS and MSD concentrations. The MS'.;,,c~s the 
precision of the method. 

18.8.1 Pretreated samples must be spiked before the digestion has be~efer o the 
specific digestion procedure for a discussion on spiking. 

18.8.2 Samples not requiring pretreatment are spiked before they are eysic y oaded on the 

tray. ~ 
18.8.2.1 Currently, there are two 'spiking solutions' u to erform the addition of 

analyte to the sample. These are~ ds· ated W-1A and SSW-SSS-
2A. These solutions are stable t selves, but due to the high 

Refer to Attachment 23. a 10, Spiking Solutions Final 18.8.2.2 

concentrations involved would~o mp ible together. 

Concentrations 

18.8.3 Calculate the percent recovery~ ¥so as follows: 

%R= Cso<ko-Coo, xlOO 0 V 

~~;::::::onticy ~ ;:e spike 

Cspike is the c cen ion of the spiked sample 
Cong is th orig I co entration of the sample (the unspiked sample concentration) 
Spike Qu quantity of the element spiked into the sample 

18.8.4 Cale r lative percent difference between the MS and MSD as follows, 

~ 6= (C~~~:-i:,;12 x JOO 

~~~~ is the relative percent difference between the MS and MSD 
CMso is the concentration of the MSD as read from the raw data printout 
CMs is the concentration of the MS as read from the raw data printout 

18.9 The following tests outlined below are performed with each batch of samples and will ensure that 
neither positive nor negative interferences are affecting the measurement of any of the elements 
or distorting the accuracy of the reported values. 

18.9.1 
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Post-Digestion Spike (PS): The same sample from which the MS/MSD aliquots were 
prepared should also be spiked with a post digestion spike. An analyte spike between 
the low and mid range standard is added to a portion of a prepared sample, or its 
dilution. The acceptance window is 80 to 120% of the true value. If the MS/MSD 
recovery was acceptable and the PDS was unacceptable then a serial dilution should . 
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18.10 

be performed on this sample. If the MS/MSD recovery was unacceptable, and the PDS 
recovery was unacceptable then a matrix effect is confirmed. An alternative test 
method should be considered. 

18.9.2 Serial Dilution: A serial dilution should be performed on the same s 
MS/MSD. If the analyte concentration is ~50 times the MDL, the a~~1r.:l!l'li.-r..~ 
dilution should agree within ±10% of the original determination. If n h 
or physical interference effect should be suspected. 

18.9.3 Duplicate (DUP) Analysis: If specified for the project, a DUP iss. substitution 
for, or in addition to, the MSD. A DUP is a second aliquot sam prepared and 
analyzed in the same way as the sample. The accepv. . d for the DUP is 
S20% RPO. 

Method of Standard Additions (MSA) 

18.10.1 The MSA technique must be performed on~I ~cts that have spike recoveries 
less than 50% or if the concentration is w· n ~e regulatory limit. Regulatory 
limits are as follows: 

18.10.2 

. Arsenic 
Barium 

Cadmium 

~a91111ii~5ed when interferences in the sample enhance or depress the 
'/Jlj-..~~lliil!al, resulting in a biased high or low quantitated value. The MSA 

t correct additive interferences that cause a baseline shift. 

18.10.3 he rd addition technique involves adding known amounts of standard to three 
aliqu s of the sample solution. The sample aliquots are then quantitated as discussed 

SOP. The quantitated values of the sample and the three spikes are used to 
onstn..ict a linear regression curve. The curve is extrapolated to find the point where it 
rosses th.e. x axis. The absolute value of this point is the analyte concentration in the 

sample. 

0.4 Prepare three aliquots with spikes at 50, 100 and 150% of the amount found in the 
sample. 

18.10.5 Quantitate the samples in accordance with the procedure. Using the regression 
program located in the spreadsheets folder of the laboratory intranet library, plot 
absorbance vs concentration to construct a curve using the four results. The 
extrapolated x-intercept point is the concentration of the analyte. An example of a plot 
so obtained is shown in Attachment 23.14. 

Note: For results of this technique to be valid, the following limitations must be 
taken into consideration: 
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18.11 

19.0 

19.1 

18.10.5.1 The curve constructed must be linear with a correlation coefficient ~0.995. 

18.10.5.2 The chemical form of the analyte added must respond the~a way as 
the analyte in the sample. 

18.10.5.3 The interference effect must be constant over the Ag ra ge of 
concern. ~ 

18.10 .5.4 The signal must be corrected for any additive interfe 

Internal Standardization must be used in all analysis to correct forfn:u:ant drift, and physical 
interferences. The recovery requirement for the internal standard is~5% of the true value. 

18.11.1 If the internal standard recovery is low, the sam~m be diluted 1 :5 and .reanalyzed. 
If the .recovery is still low, a further 1 :5 d~·1u.t' req ed. This process is repeated 
until satisfactory recoveries are achieved. 

18.11 .2 If the internal standard recovery is · h, th internal standard may naturally be 
present in the sample, and a different 1 rnal tandard must be used. 

DEMONSTRATIONS OF CAPABILl~~ALIDATION · 

Before the analysis of any actu ~uch analyst must demonstrate the ability to generate 
acceptable accuracy and pre · ning an Initial Demonstration of Capability (IDC). While 
IDCs are not instrument d nd one is required on each instrument used in sample analysis, 
to demonstrate the instr ab1 to generate acceptable accuracy and ·precision. Annually, 
a Continuing Demonstr pability (CDC) is required. 

19.1.1.4 

19.1.1.5 

Digest and analyze the four spikes as samples following every step in the 
procedures. 

Input the four results to the IDC spreadsheet located on the laboratory 
intranet library to calculate average percent recovery and relative standard 
deviation. Average recovery must be within blank spike control limits. 
Relative standard deviation must be :::;20%. · 

If either criterion is not met, locate and correct the source of the problem 
and repeat the study successfully. 

Repeated failure will confirm a general problem with the procedure and/or 
techniques used. If this occurs, locate and correct the source of the 
problem, revise the procedure and/or techniques used then repeat the 
study successfully. 
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19.2 

20.0 

20.1 

20.2 

19.1.1.6 Samples may not be analyzed by any analyst or on any instrument until a 
successful demonstration of capability study has been completed. 

19 .1.2 A Continuing Demonstration of Capability (CDC) study must be perform:a:tlly by 
one of the following: 

19.1.2.1 By repeating the IDC study. n 
19.1.2.2 By using four consecutively analyzed blank spikeQ~from routine 

sample analysis if run exclusively by the analyst. 

19.1.2.3 By successfully analyzing a performance teG.::ip e during the course 
of routine sample analysis if run exclusively b~alyst. · 

19.1.2.4 By using the last four of seven resu~n MDL study if run exclusively 
by the analyst. ONLY the last~o ~Y be used. 

19.1.3 Submit copies of all demonstration of cap · · s adsheets to the quality assurance 
department for data and training docu entat1 

A Method Detection Limit (MDL) study mu e pe d annually on every instrument using this 
procedure and for each digestion proc~ cc ance with TriMatrix SOP GR-10-125. 

POLLUTION PREVENTION /}__ v 
Maintain an inventory of a~~~ USed in the laboratory to monitor their use. 

Never dispose of labora ~ ~icals without first referencing appropriate written instructions of 
disposal for that pa · terial. 

20.3 Conserve the ~ icals where applicable. 

::.: ~~:erital laws associated with chemicals in the laboratory. 

21.1 ~ the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 

21.~inimize the environmental impact and costs associated with the disposal of chemicals, order 
and use only the minimum amount of material required. 

21 .3 Follow all instructions in Tri Matrix. SOP GR-15-102 for laboratory waste disposal requirements. 

22.0 REFERENCES 

22.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3'1 Edition, Final 
Update IV, Method 6010C, "Inductively Coupled Plasma-Atomic Emission Spectrometry", 
Revision 3, February 2007 
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Attachment 23.1 
Table 1 

Nominal Reporting Limits for the Optima 3000 

El&ment Reporting llmllB Rsparttng umJta 

llmfU , .. ~~· 
AMnnlnl ·sa.o tOJJ 

~ 100.0 10.!l 

Revision Number: 5.9 

Date Revised: 7/2211 
Date Initiated: 4/4/96 

~-

' a;mum 10.D tD ~\. ) 
- -· 1.0 LO( • 

Boroo 100.0 10.0 "-' -Cailrl!tm 10.D I ,., 
c..ac1urn 5111.Ci ~'- roJ 

C#lromilm s:rn ·~"i~o 
COD.alt m.o '/ IOll 

awer 1iJJl " 
,.. to ,. 

Iron m.,. ~ , HJ 

Lead ~~ 5.lj} 

~ l -iO I Ul . ,,~ &l.JJ ' 
:r--~i 'V ~ 1.0 . . 

""' ' 1m.a 10..U ni;u 

MiSe'" ' 1QD 1.0 - ,.,. 
100.0 50..0 -- .._. 

Ir - 100.0 11lil 

l mi&n 51:1'.to 50..IJ 

( 
··~ 

10.D LO .... .._.,.._, 

J~ 500.0 ma ....... 
S'm1!Jmn SIJ.D s.a 

sum.ir 100.a 10.0 

TIBnum 100.0 10JJ 

lln 200.0 20.0 

nanti.n 100.D 1Dr0 

vanaaun 10.0 1..0 

Zinc 2fl.O 111 
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Table 1A 

Revision Number: 5.9 

Date Revised: 7/2211 
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Analytical Wavelengths and Nominal Reporting Limits for the Optima 5300 

t 
Ellmtenf "Na•~ Vllfw ~Umlfs RapmtfnG • - ~ I 

(nm) {UgllJ --~ ~ -
M.m;mum 3!16..154 RatcSal :0.11 :t.J 
Ar"~ 188..97'9 Ami 100.11 - ' " I'll 
9"'7..rm .!.55..401 Rad!al 1G.E l t} 

E!erJllum 234.~1 ~ Ul ~ ~~·l 

300ll'3 ~9..S77 AE!;Jt 1i!O.l! ' I Hl.D 

~!!:Zn 214..4::5 ~ '!M- ~ Ul 

Caldum 3t.S.S:S7 Fi:o1d!al :r#-J ' !iil.il 

c..o~ 2-:S ;-,7 Ar.!f .isnA. ~ S.ll 

OQ!)3]! i:asn .~ <An T 1il.D 

Cower 3.."T7391 ~ ~ 1.D 

lrCft 239..]jJt ~ ' .#tQ..G UI 

Li:3!! 2Z!...3.5t ~"" v :n..o 5.!I 

L."ttlltrn . sm.122 - --~ I 8.!l t.D 
.. ii 1 ? 

,. 27'9.074 !d!5I £t![UJ 5!J.D 

Manganesi: 257.IDS ~ ... I 
tll.G f .D 

~ it.. -~J1Jdelum 2Il2.lll .. . U!O.ll HI.II 

Nlael 231-~ '~ H!-.l!i LD 

Fomzlum 7~ "1111 .. ~ :mu 5!J.D 

s.c!'l9' ? 

3c.?1".d!t.-m ~ NA NA 

se:eJurn -1~~ ~~ 100.ll Hl.il 

Stkon r ~ l.a .~ £1IU.I? 5iUI 

SU\"~~ ~ 3.3 l_nq .~ Ill.I? Ul 

Sodl."ld[ • - 53&3Sa R;Jdal SIIllJl SD.!J .... .. I g,"' ~ll1.7S3 R.mml 5D.!l< 5.0 
- - _"1111111. t!t.37t .'Im! !CHU HUI 

'" ~n.~.- 131.7':-0; Az2t ·100.D 1·D.il 

'" ~~~ 1:ft3.27 A1ml 21JD.D 2ll.D 
Iii... ... irL liim l~ R.xbl 100.D 1·0.D 

'.V.J.!ldlum 292399 Axlal 101.1]> 1.!I 

Y'J'tm l5ll.011 Az1al NA NA 

zinc 2il6..19a IUdi:B 2Q.[ll 1.D 
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Attachment 23.3 
Table 2 

nte:element Correction Factors for the Optima 3300 

WG\'t!Wlgtb _,,/i '/.,,,,. A.lla!)•U! (lllJl) lllweleineot Comectio11 Facrors For: 
Al C• . .,, ,A.. Co Cr Cu Fe ).le 

Allllllillum 196.146 NIA 0.36129 .64.67.JIJ -OJD95l9 
Amilllonv 217.58"1 -0:-m:;s ... -2.77~ .. 18.llH 
Alsellic 188.979 -1.037-12 ~ ' 2.10856 0.64-0527 
Barium 455.40:; .._,:162 i 
Belvllilllll 2.H.863 - . 0.0i>-1492 O.CIO!J l3 !.5 0.0989343 
Bara1 2411.769 ,,,. , 1.46902 
CIMiwium 21·H36 0.051H53 0.01~~7 'NiA • I 0.0620319 
C:ilcium 315.87.f 0.163209 N;A 0.729632 '.!.00001 ~l.PBCi88.<I O_llS'.!9 0.15 lli6 0.118719 0.1438:9 
Cbi:omium 105.5cil 0,()258892 -0.i21an - ll'NIA 0.0675095 
Cobalt . ~8.616 -0.0356®1 -0.1366" -0.079514Sl NiA A . 0.149906 WJ.02531.56 0.108988 
Canner 324.741 -0.115653 0.400Nl O.Ci~~R.fth -0.0HS'lM NIA -0.0268978 
Irmi 218.204 0.0297-433 -~6.057l ~.2Jall17 NIA 
uuw:I '.120.353 -0.150982 1.55311 0.73085 (IC l.~ O.ll·Hl6 
Lilhium 670.784 "' Afr ~ 
Ma1rn .... inm 27!1.071 0.0190904 0.005201'>7 0.07871!U -0.227277 -2'0013! .-(l,2-19~1. "'1.0-.. 66 . ..()..\26616 NiA 
Ma.il!l811eSe 251.610' 0.0975289 .... ,.. l'ltir.. 
Molybdewlm 202.031 .... ~ ) 0.264224 

NICbl 231.604 0.1112>18 1.73406 ""- -0.~88 
Pbo;otWus 178.226 - -
Powsima . 766.490 ,... 

' SeleW.iim 196.026 -0.36l05J. · -2.ou609 • • Silver 3~8.068 -3.83659 0.0383731 -0.016lnmi ..().0120~3' 

'iiticoll 251.Cill ·--2~ 
Sodiwu 589.592 • Scra11Tium -t07.771 -0.5721152 .. 
Tuallium 190.801 "--0.62019 l.31816 8.:?778l 0.-IJ'.!59 --0.2-11~:'5 "-
Till 18!1.927 0.;?'73546 
Til:UlW.m 334.!146 0.238862 
\' llWldi:um 292.l!IS 0.100497 0.2~026 0.117451 
Zinc ·206.200 -0.0'.!70792 l.65167 
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:l.111 

0.862721 

0.770813 

-0. 71m27 
NIA 

0.137698. 

"'Illa. 

• 
~ir ...... 

-.1-.. 
~ 

..... ---0.156177 
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Mo Ki 

29.8125 

-24.8072 
3.72529 

0.0092764 

-'0.06167.59 o.~12s1 · 
4.0S617 0.148112 

0.542364 0.720741 
--0.156742 

0.105789 0.086lS92 

-3.05316 

0.0857341 

" 
N/A 

-1.96666 NIA 

-0.111102 
7.64627 

.. --0.211632 

11'1 
r II 
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Attachment 23.3 
Table 2 Continued 

~te~element Correction Factors for the Optima 3300 

"'"' ........... -"'/' .. 
~ ( ..... ) ~ ~ ComlGlica. f aaai Far. 

Ti .,,. ,.. 
j .oil ' .o\luCiiam. 19U~ D.!19'+173 ... -IAmimanv ll 7.514 1.1'»+ I "' '( 

IAiu.mL l.&S.919 .. .... r.a.. 
&..mo. 4!H03 --0.~09!i~1 ~· 

' ' 
lk<yll:rom. !l4.66J I • 
&!mi H9.7'9 - -
C.admium 21H36 -11.10712+ ,,. " 
C.!cim:I .. ll'-6~ o.s.um 0Jl&9017& I 
c:b=ium ws.so G.16l149 OOB7nB9 ' .. ·iA 
Cd>ali ~&.616 l.imt! .......... ;~ 

; c,,.,,.. 32-041 · O.H669+ -ll.'4l957-4 .... 
&:... 2l6~ O .. HB9SB .it .I 
L.ia.i :!l-0.3'3 ~ 

l.iWum 671>.7&4 ... 1 A 
l7U7l 0.2~! .. 0..!5718S. ' IAr' 

IMaru..,..... ln.610 ..Q.IH6S"Hl i! "' .... 
., 

"' f>Jol}i>da:o= Ni.031 -0.413091 .... ' ~ .. 
~ lll.60-I ll.121-+A .. ~ -It.>~"·~· !1S.2M "'I • 
Pmnim:>. 166.m ' ,II 
~ 196.016 - Ir" 

Slb.w 3:25.068 -0.91683~ ~ < . ...- -. 
Sili<oA 1H.611 Tl.l~l • ' ~ }&9.5~l -. ... 
~ -407:711 111.:• .......... -· 
Tlalli= 1911.SllJ ... &-~~ -- • .,. 
1lli Ui.927 -Hl~ • I 
T~ lH.9-H N'A' .. ..... • 

. \'.....ii'=. ~BJl5 O.lSI~ ·N/.4. -Zinc NUOO ,. 
... 
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Element 

Aluminum 

Calcium 

Iron 

Magnesium 

gr01100 5.9.doc 

Attachment 23.4 
Table 3. 

IFA 1 Working Solution 

Concentration (mgil) 

100.0 

100.0 

40.0 

Revision Number: 5.9 
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Attachment 23.5 
Table 4 

IFA 2 Working Solution 

Element Concentration (mgll) 

Chromium 

Copper 

Manganese 

Nickel 

Trtani\Jm 

Vanadium 

v . o~ 

20.0 

20.0 

20.0 

~ 
·~ 
0 

·~CJ. 
~~ 
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Attachment 23.6 
Table 5 

Optima Working Standard Concentrations (mg/L) 

Bement Standilrd4 Standard3 Standard2 

Aluminum 5.000 2.500 0.500 ~ 

Arsenic 5.000 2.500 0.500 l 
Barium 1.000 0.500 0.100,-

Belvllium 0.100 0.050 0.01£ 
, 

6orai 1.000 0.500 0.100~ 
Cadrrium LOOO 0.500 ,, °'° 
Calcium 10.000 5.000 ~' 1.°'1 

Chromium U:ICO il500 ~ i ~00 
Cobalt 1.000 0.500 ~ (. ~ O.HJO 

Cor::n@f" 1.000 0.500, .......... 0.100 

!ron 1.000 !illlj00 ~ 0.100 

Le.3d 1.000 ~ ... i 0.tOO 

I .. ET l..i;hium 1.000 OJ 0.100 

Magnesium 10.000 Al 111111.'- 5Jil ~ i.000 

~ ..... UXID L L U.500 0.100 

MoM:deoum 1.J ~ 0.500 0.100 

Nickel .... ~, ~ 0.500 0.100 

Pctassrum ~' 5.000 1.000 
._ 

Selenium ..... .,_..,_. 2500 0.500 

Silicon ,.. ''°°° 2.500 0.500 

saiver l I UXlO 0.500 0.100 

s&ii "'II ..... 10.000 5.000 1.000 

.-..Stlnnilln I UlOO 0.500 0.100 

'--~ 5.000 2.500 0.500 -... ..... f!'t!!ll\Jrn 5.000 2.500 0.500 

""' 111..,Tlfl 5.000 2500 0.500 

' ) Titaniun 1.000 !1500 0.100 

,. Vanacfum 1.000 0.500 0.100 

Zinc 1.000 0.500 0.HJO 

gr01100 5.9.doc 

Revision Number: 5.9 

Date Revised: 7/22/11 
Date Initiated: 4/4/96 

1 
-l 
~ -

£1. .... 
d1 

~,050 

1 0.100 ...., 
0.010 

0.001 

0.050 

0.005 

0.500 

0.010 

0.010 

0.010 

0.010 

0.050 

0.008 

0.!00 

0.010 

0.010 

0.100 

0.100 

0.100 

0.005 

0.500 

0.050 

0.100 

0.100 

0.100 

0.010 

0.010 



SOP Name: Inductively Coupled Plasma Atomic Emission Spectroscopy 
Perkin Elmer OPTIMA-3000/3300DV/5300DV 
SW-846 Method 6010C 

SOP Number: GR-01-100 page 37 of 52 

Attachment 23. 7 
Table 6 

IFB-1 Working Solution 

Revision Number: 5.9 
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Element Concentration (mglL 

Aluminum 100.0 

Barium 

Be lium 

CalciiJm 

Cadmium 

Cobalt 

Chromfum 0.5 

Copper 0.5 

Iron 40.0 

100.0 

0.5 

1~0 

1.0 

1.0 

0..5 

1.0 
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Element 

AJuminum 

Arsenic 

Boron 

Calcium 

ChromilJm 

Co· 

M~ nesium 

Mangan~se 
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Attachment 23.8 
Table 7 

IFB-2 Working Solution 

5.0 

20.0 

1.0 

5Jl 

20.0 

LO 

20.0 

LO 

20.0 
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Attachment 23.9 
Table 8 

Element Conditions for the_Optima 3000 

- - . W;w. .. Back around LowerBGC •11---BGC - Aux. 
Correction (run) (nm) l.Jmin. Umin 

Ag 328.068 2-ooint -0.02 0.026 15 0.5 

Al 396.146 1-coint -0.044 15 0.5 

As 188.Q7Q 1-ooint 0.034. 15 0.5• 
8 249.76Q 1-ooint -0.052 15 o_t 

Ba 455.403 2-ooint -0.1 0.062 15 o.~~ 
Be 234.863 1-coint 0.044 ts.. .... o.5 

Ca 315.874 1-ooint -0_023 JE '5 
Cd 214.436 1..point -(1056 ~~ ~ 
Ce 413.764 2-ooint -0.08 Q_Q2.51 ~ IW""o.5 

Co 228.616 1-ooint 0.016 ~ ,,. 1fJ 0.5 

Cr 206.563 1-ooint 0.033 ~ ~ 0.5 

Cu 324.741 1-ooint D.036 ' ~ 15 0.5 

Fe 238..204 1-ooint -0.024 "II .. .T 15 0.5 

K 766-49 2-point -OJ,..... '111 15 0.5 

Li 670.7B4 2-point -0.I D3 ' 0.08 15 0.5 

MQ 279.071 1-(l()int ~o ........ , 15 0.5 

Mn 257.61 ,.-ooint ~ ·l.ItlA 15 0.5 

Mo 202.031 2-ooil ~-O.o2 0.028 15 0.5 

Na 58Q.5Q2 2~ "-07 0.056 15 0.5 

Ni 231.604 ~nt "II .. 0.032 15 0.5 

Pb 220.353 - ~ ~ -0.021 0.019 15 0.5 

Sb 217.584-. "1.-Patm -0.015 15 0.5 
Sc (l.S.} 357.~14 ""~~nt 0.063 15 0.5 

Se t~.!I 11-ooint -~1-019 15 0.5 

Si nsl.61 11111111 11111' 2-ooint -0.021 0.016 . 15 0.5 

Sn & l.189.91 2-ooint -0.019 0.019 15 0.5 
Sr "II .. ,..,.,, 2-ooint -0_055 0.071 15 0.5 - -.....&.946 1-ooint 0.07 15 0.5 -
'~ lQ0.801 2~int -0.006 0.023 15 0.5 

' ' 292395 1-ooint 0.035 15 0.5 

"11. 2062 2-ooint -0.074 0.042 15 0.5 

Ttl.S.) 371.029 1-point 0.038 15 0.5 
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.J l 
p~ a ·- .._ - Ir'. - (mm - -... U"'ll 15 

13i b 15 
1':11 n 15 

'1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15 

1300 15. 

1300 15 

1300 15 
1300 15 

1300 15 
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1300 15 

1300 15 
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Attachment 23.10 
Table 9 

Revision Number: 5.9 

Date Revised: 7/22/11 
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ID/WT Sheet Setup for Instrument Calibration and Verification 1 

s,.-~n~~e Sequence Number Autosampler Sample ID 
Position 

1 1 is init .-~ank 
2 1 Cal. Blank , ~ ~nk 
3 2 Std. 1 " ~ landard 1 
4 3 Std. 2 ~,,.......... ~tandard 2 
5 4 Std. 3 ' 1 Standard 3 
6 5 Std. 4 ...... ~ Standard 4 
7 9 ~ 

~v"- scv 
8 1 .... ~B 1 ICB 
9 10 1i;~. CRL 
10 11 ~F,llsf' IFA-1 
11 12 ... '11'A-2 IFA-2 
12 13 "' ,. iFB-1 IFB-1 
13 14 .... "' IFB-2 IFB-2 
14 

4 __ , i CCV Standard 3 · 
15 11 , .. ,.. CCB Blank 

"J 
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Attachment 23.11 
Table 10 

Spiking Solutions Final Concentrations 

Revision Number: 5.9 

Date Revised: 7/22/11 
Date Initiated: 4/4/96 

Element Aquieoua Samplea (Ug/L} SOIJd Samptea (Ugll.) 
,. 

A!Umlurn 20lD 12m 41111 ... 

Arsenic 2000 rail ~ 
Balltm 400 250 l I 

BeMlllrn .IQ ,- ~ 
Borm 400 Li J ---C3!fr.'l'Um 400 - ;Q(j-

CElum 20000 I ~ 
Ctltln1llJm 400 ... '~WJ 

COCJall 400 < '~""' 250 

~ JOO "" 
"Ill .... , 25J 

400" ... 
trm ~ 250 

L!!all ~ v 250 
- ... _~ 

l:'tt£lm - - 250 

( "" Mame£i!Lm 2li rl 12500 
. ... ~ .... 251:1 -
Pl£i ' 

4-.... 
400 250 .. 

~ "- 400 25J 
"' ~ -

::<0000 12500 .. ~ ..... ~ ... 
400 250 

--~ 400 25Q 

( '~ 400 2&J 
• - ... 20000 t2SOO 

~ 
smm\m 4QD' 250 

Slillir 2€llO t:?SI 

l111am1m 2€llO 1250 

ni 2!llO 1251 

. ill:anum 400 250 

'IJal1ad1ml 400 250 

Zinc 400 250 
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Element 

Aluminum 

Arsenic 

Barium 

Beryilium 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

Cop~ 

Iron 

Lead 

Soarum 

Strontium 

Suffur 

Thallium 

Tin 

Trtanium 

Vanadium 

Zinc 
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Attachment 23. 12 
Table 11 

Aqueous Samples (ugllJ 

2500 

2500 

500 

50 

500 

500 

5000 

5{)0 

500 

5{)0 

5000 

2500. 

2500 

500 

5000 

500 

2500 

2500 

2500 

500 

500 

500 
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Attachment 23. 13 
Table 12 

CRL Working Standard Concentrations 

Element Corirentration (ug/L) 

Aluminum !00 

Arsenic 2'00 

Barium 20 

Beryllium 2 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

lead 100 

16 

1000 

20 

20 

200 

200 

200 

Silver 10 

Sod rum 1000 

Strontium 100 

Sulfur 200 

Thatiium 200 

Tin 200 

Titanium 2'00 

Vanadium 20 

Zinc 20 
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Attachment 23.14 
Figure 2 

Method of Standard Additions Curve Example 

I 
i 
/. 

AddnO Addn l Addn2 

Revision Number: 5.9 

Date Revised: 7/22/11 
Date Initiated: 4/4/96 

Concentration 

Addn3 
No Addn Addn of 50% Addn of I 00% Addn of 150% 

of Expected of Expected of Expected 
Amount Amount Amount 
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Generating Inter-Element Correction Factors {IEC) For ICP 

1) Establishing Background Points. ~~ 
a) Perform a normal instrument calibration for all of ICP target aonl e , ng multi-element 

calibration standards. 

b) Analyze each metal from a single element standard as a~ s, · g sure the standard 
concentration is at the top of the linear range for each ana e. B certain to use a very long 
rinse cycle between elements (nominally 20 minutes). A rte ycle time may be used if 
there is no carry over. Q 

c) When the analysis is complete, review the bla ctr lowest standard spectra and .each 
single element spectra. Find the point on ei r · e ach spectrum that has no response 
(baseline response) or the point that has th all t number of peaks. If one side of the 
peak has multiple responses or pea maki · difficult to select a point, then do not 
establish a background point on that si In ad, use the one background point from the 
opposite Side. (Refer to pages 6, 7 w 

2) Generation of IEC Factors. 0 
a) Perform a norma ~alibration for all target analytes. 

b) Analyze 5 r i le~ e:h major interference standard (AL, Ca, Fe and Mg) at the 
samec~o sin 1(b)above. 

c) Pfjrf 2 mute rinse between each analysis to prevent any potential analyte 
c ov 

licates will verify that the previous analyzed element is completely rinsed out 
to each analysis. For example, if running Al then Ca, look for a decreasing emission 

onse for Al during the Ca replicate analyses. If there is some carryover, then repeat 
5 replicate analyses for that analyte. The long rinse is very important in preventing 

carryover from the previous metal. 

e) Method 6010 requires at a minimum that IEC factors for Al, Ca, Fe and Mg be calculated. 
The methods also state that IEC factors must be generated for any other metals that may 
impact data. 

f) Creating IEC factors for Ce, Cd, Cr, Cu, Co, Mn, Mo, Ni, Ti and V in addition to the 
method required analytes improves the ICP analysis. 

g) Once the preceding metals have been analyzed, run the software program to generate 
correction factors (manufacturer and instrument specific). 
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3) Validation of Newly Established IEC Factors ~ 

perform a test to verify their performance. Remember to change . e gular ethod to 
a) After correction factors have been generated and properly sto~e · · strument, 

use the same background points as the method used to generate EC factors. Also, 
make sure method IEC factors are referenced or select~ of the method 
calculations. \...J. 

b) Perform a normal instrument calibration and analyze of ini · I quality control samples. 

identified as IFA1 and IFA2 (ICS-A), and 1 n 2 (ICS-AB). 

These initial samples must include two interference che sa les (CLP-designated ICS
A, and' ICS-AB solutions) prepared in acco~ra to tli terference table in method 
6010. Refer to TriMatrix SOP GR-01-100, w · de ribes the preparation, analysis and 
acceptance for these two QC. standa~rs the rocedure and in LIMS, they are 

c) The IFA 1 standard contains Al, Ca e, an. while the IFA2 solution contains Cr, Cu, 
Mn, Ni, Ti and V. The IFB1 Stand co ains the major interfering elements and all 
known analytes affected by th~1al~ ments. The second solution IFB2 contains all 
the minor interfering anal~t ,ywn analytes affected by these minor elements. 

d) If new correction factors wor ng properly then all unspiked analytes in both solutions 
should pass criteri the reporting limit (RL) and all spiked analytes should 
pass 80 to 120% red value. 
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Generating Inter-Element Correction Factors (IEC) for ICP 

~~ ICP INTERFERENCE CHECK SAMPLE 

USEPA-liOIOC 

L:ibor".oory: Tri\tatrix La!?oratories Inc SDG: 

Client: f.nvjrgnmental Rey?Urce AssociaKS. Project; Semi-Annual Solid Pl'. Stud·.-

Seqll"'1ce: 2!lla2!l1 lnstrumeOl.OY. 311 ( J Calibration: l.!~1'.l.S§l!:iNW .-

bbSamplelD Anldyle T111e found #R .. llli"rts 

0Bl8005-IFAI Aluminum lOO 98.5 "'" i mg/L 

Arsmic I o.r.o -0.02~ - mglL 

Barium 0.00 -0#71 ' mgiL 

Berylliwn I 0.00 
~ ,I mg/L - -Boron 0.00 "' i1581~ mg/L 

Cadmium 0.00 ~0.1~ ~L 

Cal<ium ~ _-,.r;.9 97 mg/L 

Chromium .... fl.°'- ~-0.00356 mgiL 

Cobalt !\... o.oo ....... -0.00254 mglL 

Copper ~,,... -..... .. .,,.. .n.00W1 mglL 

Iron .... J 40.0 38.9 97 I mi;/L 

Lead .,.., ~,. 0.00 -0.0WI ~·~ 

Man~ -- 0.00 -0.000817 mglL -M......,mn' . 0.00 0.00601 mglL 

.. M'cke!'-.. .... 
0.00 ·0.00341 mg/L 

~ionn~ 0.00 -O.C-0'.14l mg/L ...... 
'" - 0.00 I 0.U882 mg/L 

,..........~ ~il- 0.00 -0.11196 mg/L 

I ' Sodium 0.00 -0.0250 mg/L i 
,..~ Strontium 0.00 0.00034? mg/L I 

I 

[ • Tba.llium 0.00 -0.03l0 mg/L 

"'- ....__J Ti1anium 000 -O.OOU4 mg/L -- "1111.. Vanadium 0.00 -0.00527 mg/L - - Zinc 0.00 -0.0051 I mg/L 

081800,._IFAl Aluminum 0.00 0.0617 mg/L 

Arsenic 0.00 -O.OlS3 mg/L 

Barium 0.00 ·0.00101 mg/L 

Beryllium 0.00 -0.00000118 mg/L I 
I 

Boron 0.00 0.0186 mg/I. 

Page I of 3 
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Generating Inter-Element Correction Factors (IEC) For ICP 

~-4.. ICP INTERFERENCE CHECK SAi'\fPLE 

USEPA-6010C 

l.aburatory: TriMaqj& J,abogrmjes. 1gc SDG: 

Oimt: f.DvilJ2omi::IWll lh:121m'-' ~ialh:i Project: Semi-Arumal Solid Pl>.~ •. , • .-

Scq=ice: 0818005 lnstnnrat TD: ill -l J 
Calibradoo: ID/ASSIGNED ~ 

Lab _Sampl• ID Anafyfe Tn1t Found f R 6 Unita 

OlllS005·1FA2 Cadmium 0.00 0.001-16 ~ I mg/L 

I Cakium 0.00 -0~ 
._ .. 

mg/L 
I 

I Chromium ?O.Q 13 ,102 mgJL 

i Cobalt 0.00 l.i-0~ -:I mg/L 

CoP!>OF 20.1) t4 ~.I , 106 mgJL 

Iron 0.00 .c:-00# mgJL 

Lead ~ ~60 ••l!IL 

Manpnae . 20, , 10.0 100 mgiL 

Molybclcnwn -.... 0.00 ...... 0.0000536 mg/L 

N1ckel ~ "'~ 20.8 104 mg/L 

Potassium l I 0.00 -0.00862 ml!IL 

Sclenium ~~" 0.00 -0.00l3! m!!IL 

Sil·=•'" 
,.__ 

0.00 -0.00250 mg/L 

IScwJ# ' 0.00 "0.0239 mg/I.. 

_g"-. ~ 0.00 -0.00176 mg/L 

"ll~iwn' 0.00 -0.t()g mg/I.. 

~ -- 21J.0 !0.0 100 mg/I.. -............. , Vanad.i11111 20.0 20.5 IOJ mg/L 

I ' 'kine 0.00 0.011~ mg/I.. 

i-0~.I Alununum 100 IOI IOI mg/L 

~ 
~ Bariwn 0.500 0.455 91 mg/L .. 

. ~ i lleryUiwn o.o:;oo 0.05~ IOI mg/L 

-~ ,.....,. Cadmium l.00 0.97:! 97 mg/L 

- - - Calcium 100 98.2 98 mgiL 

Ouumiwn 0.)00 0.501 100 mglL 

Cobalt 0.500 fl.411<1 98 mg/L 

Copper O..lOO 0.525 105 mg/I.. 

Iron .W.O 39.5 99 mg/L 

Lead 1.00 fl.994 99 mg/L 

Page ZorJ 
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Generating Inter-Element Correction Factors (IEC) For ICP 

~~ ICP INTERFERENCE CHECK SAMPLE 

USEPA-6010C 

Laborarory: TpMatrix l..!bora!Orics. Inc. SDG: 

-Clienc t:nvironmc!l!a! Resoun:e Associales o~"·'"" Project 

Sequence: Q!ill!QQ2 lnsuume111 ID: ill l J Cllibration: J.!,:jMSIQN~ _... 

Lab Sample ID Anlll11e True Found 'R .Unlls 

0818005-IFBI Manganese 0500 0-498 1'... ,lmg/L 

Molybdenum 0.00 0.006i... - mg/L 

Nick.cl 1.00 ~ ,97 mg/L 

Silver 1.00 ,lo.9',. ,1100 mg/L 

Vanadium 0.500 ~ IX> -~ 100 mg/L 

Zinc 1.00 ,o.;"' 96 mg/L 

OR 1 llOOHFB2 Aluminwn ' ~ ... 1 107 mglL 

ArSeoic ... l.00" , 1.06 1()6 mg/L 

Boron "'1.00,. ... 0.9115. 98 mg/L 

Cokiljlll A,,. """"'i.o. V'" ~.9B 100 mg/L 

Ctuomium ' I 20.0 ' 20.J 101 mg/L 

Copper _,.,.~ ~ 20.0 21.1 105 mg/L 

Man~_.,.____ 20.0 19.9 100 milJL 
M~, L.00 1.00 100 mglL .. ~lcel, ..... I 20.0 20.6 103 mgiL 

~ium ~ 1.00 1.01 101 mg/L 

:-. 
5.00 5.16 103 -. mg/L 

~~ Thallium l.00 0.11115 88 mWL 

I ' l':litnium 20.0 20.l IOI Mf!IL 

~ "-.. _,I V311adium 20.0 20.5 102 mg/L 

~Values deofQC limi15 
~ 
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1.0 SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

2.0 

2.1 

3.0 

3.1 

This procedure determines the mobility of specific organic and inorganic analyte in liquid, solid, 
and multiphasic waste by extraction with an acetic acid solution. ~ 

A TCLP need not be run if analytes are not detected or are detected but calculate below 
the regulatory limit. This determination must be based on a total compou~lysis f the 
sample. 

If analysis of any liquid fraction of a TCLP extract indicates a concentr~a o or greater 
than the regulatory limit, the waste is hazardous by association a'.~f the remaining . 
fractions is not required. This determination applies to multiphasic tract 

If the bottle tumbler concentration of a volatile analyte exceeds the tory limit, the waste is 
hazardous and ZHE extraction is not required. Howeve~· o extraction cannot demonstrate 
any volatile analyte concentration is below the regu~at.o it. E must be performed for that 
purpose. 

This procedure is applied to TCLP analytes only exce ent request. 

Oily waste samples that filter are assume~o ~~~ .. ~liquid (filterable), and a total analysis is 
performed to determine TCLP results (refe ~:~ent 20.6 - US Environmental Protection 
Agency Memorandum #35 dated 06/e O). Oily waste and paint waste samples that 
do not filter are assumed to be 100 solid nonfilterable) even if appearing to be liquid and a 
TCLP extraction is performed.-~ 

PRINCIPLE METHOD R~·---
Test Methods for E~ ~d Waste, Physical/Chemical Methods, SW-846, 3d Edition, Final 
Update I, Revision ~2, Method 1311, "Toxicity Characteristic Leaching Procedure" 

SUMMA~~EDURE 
For fi r e ste containing less than 0.5% dry solids, the filtrate becomes the TCLP extract 
a . 7 µm glass fiber filter is used for all TCLP filtrations. 

3.2~ rable waste containing greater than or equal to 0.5% solids, an aliquot is filtered and the 
filt e stored while the solid phase (after any particle size reduction) is extracted in a rotary 

ler. An extraction fluid volume equal to 20 times the mass of the solid phase is used. One 
of two extraction fluids are employed, based on the solid phase alkalinity. A special zero 
headspace extractor (ZHE) is used when extracting volatile TCLP analytes. After the solid phase 
has tumbled for 18 ± 2 hours, the extraction fluid is separated from the solid phase by filtration. 

3.3 If multiple phases will not form when mixed, the initial waste filtrate is added to the extraction fluid 
filtrate, which becomes the TCLP extract analyzed. If incompatible, the two filtrates are analyzed 
separately. Results of the two analyses are reported as a volume-weighted average 
concentration in mg/L (refer to Attachment 20.7). 
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4.0 

4.1 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

6.1 

PARAMETER OR COMPOUND LIST 

Refer to Attachment 20.1 for parameters and analytes associated with TCLP regulatory limits. 

REFERENCED STANDARD OPERATING PROCEDURES ~ 
TriMatrix Laboratories SOP GR-15-102, Laboratory Waste Disposal, latest rev.a 

Tri~~trix Laboratories SOP GR-09-104, Waste Dilution for Semi-Volatile ~ounds, latest 

rev1s1on G'-' 
TriMatrix Laboratories SOP GR-04-103, Semi-volatiles G C matrography Mass 
Spectrometry(GC/MS) Base Neutral Acids(BNA), latest revision 

TriMatrix Laboratories SOP GR-03-126, Chlorinated .c;:,.., by Capillary Column Gas 
chromatography, latest revision 7~ V 
TriMatrix Laboratories SOP GR-09-113, Extra tion ~nated Herbicides from Water and 
Wastewater, latest revision 

ase Neutrals Acids(BNA) from Water, latest 

R-01-147, Acid Digestion of Total Metals in Aqueous Samples by 
,.:;'i!"l~t::•, ~test revision 

INTERF~N~S AND CORRECTIVE PROCEDURES 

P~~. in enrences that may be encountered during analysis are discussed in individual 
~andard operating procedures. 

6.2 is an empirical procedure and. must be consistently performed without modification, to attain 
ise and accurate results. · 

7.0 SAFETY PRECAUTIONS 

7.1 Refer to the TriMatrix Chemical Hygiene Plan and Laboratory Safety Manual for routine 
precautions and safety instructions. 

7.2 Gloves and approved safety glasses must be worn at all times when handling acids and working 
in the TCLP laboratory. A plastic apron must also be worn when handling large volumes of 

gr01119 2.4.doc 
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7.3 

8.0 

8.1 

8.2 

8.3 

8.4 

8.5 

concentrated acid. Concentrated acetic acid fumes are a lung irritant. A Fume hood must be 
used when handling. Rinse all pipette tips and beakers before disposal or cleaning. 

CAUTION: Be certain TCLP tumbler vessels are well vented before tumbling. Eac 
be checked periodically for internal pressure and leakage. Tumbler ves 
be vented cautiously to prevent injury or explosive sample loss. V 
performed in a hood. n 

If a jar leaks or breaks while tumbling, notify the laboratory supervisor aen the spill. To 
prevent a cataclysmic spill that contaminates the tumbler and/or the tum mg ro , encase each 
jar in a plastic bag. However, when a leak does occur (even if ?"i~ wi in the bag), the 
leachate is compromised and must be repeated. v 
SAMPLE SIZE, COLLECTION, PRESERVATION AND H~G PROCEDURES 

For metals and semivolatiles TCLP extractions, at le 1 0 pie aliquots are required. For 
volatiles TCLP extractions, a minimum of 25 g is · d. ese minimum requirements are 
based on samples with no filterable liquids. A least 0 is also needed for a percent solids 
determination, except for samples with no filtera liqui 

Larger sample aliquots must be extracted ~ed ~ ower percent solids. Enough extract must 
be generated to support all required ~~multiphase extracts, enough volume must be 
generated for each phase. ~ V 
For fibrous materials like cell~ or other relatively low density waste, the sample size 
collected must be greater.Xe~ rnmimum mass required for extraction. 

Sample preservation is i_t_ ~ed for TCLP samples, but refrigeration may be used if the low 
temperature will no · · ia · reversible physical changes to sample integrity. 

TCLP samplee s analysis must be collected and stored in PTFE-lined capped jars, and 
stored at 0 - C u I extraction. Volatiles samples must only be opened immediately before 

extractinr .~ 

8.6 T~~servation is addressed in section 13.10.8. 

9.0 ... "'.NTATION, APPARATUS AND MATERIALS 

9.1 '"VTCLP extractor rotates extraction vessels end-over-end at 30 ± 2 rpm. Five extractors and 
three zeroheadspace extractors are located in a room adjacent to the organic prep laboratory. 
This room is monitored and has an ambient temperature of 23 ± 2° C. 

9.2 Zero-Headspace Extraction Vessels 

9.2.1 Zero-headspace extraction (ZHE) vessels are used only when waste is tested for 
volatile analyte mobility. A ZHE is designed to perform liquid phase/solid phase 
separation, the introduction of extraction fluid, the TCLP extraction and the extract 
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9.3 

9.4 

filtration without opening. The ZHE has an internal volume of 500 ml to 600 ml, and is 
equipped to accommodate a 90-110 mm, 0.7 µm glass fiber filter. 

9.2.2 The piston within a ZHE must move with no higher than 15 psi. If not, the Vit 
within the vessel must be replaced (Millipore or equivalent). If replacing o-ri 
not decrease the pressure needed to move the piston, the ZHE must H!l",...lili 
the manufacturer before using or be replaced. 

9.2.3 

must be repaired by the manufacturer before using or re ced. · 

A ZHE must be tested for leaks after every extraction by pree o 50 psi and 
letting sit unattended for one hour. If pressure is lost check a fittin d inspect or 
replace a-rings. Repeat the leak test. If leakage proble~ tb olved, the ZHE 

Bottle Extraction Vessels · 

9.3.1 Bottle extraction jars are used for TCLP m~ta. ~-volatile extractions. Jars with 
sufficient volume to hold sample solids an r c uid must be used. Headspace 
is not an issue. Jars used must be inert to as eing extracted however. 

9.3.2 Soda lime flint glass jars are used w~ eva~ ting metals and semi-volatiles mobility 
from the same extraction. '-. y 

9.3.3 . High density polyethylene <~Ve used when extracting only TCLP metals. 

Filtration Equipment ,\.J 
9.4.1 Filtration equipm%~ e inert to the waste being extracted. If using PTFE-coated 

stainless steel, t~ ~~g ust unbroken. 

9.4.2 All filtration~e performed in a hood. 

9.4.3 Whe~luated for volatiles, the ZHE vessel is used for filtration. A ZHE 
sup rts a holds a 0.7 µm glass fiber filter. The vessel is designed to withstand up 
r'O~ · out rupturing the filter. 

~ If a filter ruptures, a gas-tight syringe and syringe filter must be used to 
remove TCLP filtrate and store in a Tedlar® bag. 

A positive pressure filter holder is used when waste is evaluated for metals and 
semivolatiles. The holder has an internal capacity of 1.5 L, accommodates a 142 mm 
diameter 0. 7 µm glass fiber filter, and is capable of exerting 50 psi or greater. Vacuum 
filtration is not used. 

9.4.5 Assemble and operate pressure filters and ZHE vessels per manufacturer's 
instructions. 

9.5 Borosilicate glass fiber filters not containing binder material, with an effective pore size of 0.7 µm 
(Millipore or equivalent) are used for all TCLP filtrations. Prefilters must not be used. TCLP 
filters are fragile and must be handled with care. 
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9.6 

9.7 

9.8 

9.9 

9.10 

9.11 

9.12 

9.5.1 When evaluating metals mobility, filters must be acid-washed before using, by washing 
with 1 N nitric acid followed by three consecutive washes with deionized distilled water 
(a minimum of 1 L per rinse). 

The pH meter used must be accurate to ±0.05 units at 25° C. ~ \ 
A Tedlar® bag or 500 ml glass gas-tight syringe must be used. to collect a. ny A~hase 
and final TCLP extract when using ZHE, according to the following scenario: ~. 

9. 7 .1 If a waste contains an aqueous liquid phase and less than 1 ~le nonaqueous 
liquid, a Tedlar® bag or 500 ml glass gas-tight syringe is ~ct and combine 
the initial filtrate and TCLP extract. 

9;7.2 
initial liquid phase, only a Tedlar® bag is u to llect and combine the initial 
solid/liquid separation and the final extrac~t·on 

9.7.3 If a waste contains no initial liquid phas · 0 solid) or has no significant solid 
phase (is 100% liquid), a Tedlar® bag~sea~ 

A ZHE extraction fluid transfer device is ~d t~er extraction fluid into the ZHE without 
changing the nature of the extraction ~ v 
The laboratory balance used is~cc r~in ±0.01 g. 

Beaker and/or Erlenmeyer fl Pyrex, 500 ml. 

Watchglass, glass. Ap~ dia eter to cover breaker or Erlenmeyer flask. 

10.0 ROUTINE PR~ MAINTENANCE . 

10.1 · TCLP F6evices 
1~hange PTFE and rubber gaskets as needed.· 

~requently examine the PTFE coating on interior surfaces of each ZHE. Scored or 
abraded surfaces inhibit effective cleaning of the device. If scored or abraded, return 
to the manufacturer for recoating. 

10.2 ZHE Devices 

10.2.1 Replace Viton 0-rings before each extraction. 

10.2.2 Replace worn gaskets as needed. 

10.2.3 Maintain pressure gauges and replace as needed. 
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10.3 Rotary Tumblers 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 

10.3.1 Monitor and record revolutions per minute (rpm) for each rotary tumbler. Tumbler 
velocity must be 30 ±2 rpm. If velocity exceeds 30 ±2 rpm perform mai:l::" and 
repair of the motor and/or bearings. 

11.0 CHEMICALS AND REAGENTS D 
11.1 Trace metal grade acids must be used. All reagents must conform Q~tions of the 

Committee on Analytical Reagents of the American Chemical u~), where such 
specifications are available. . 

11.2 Reagent Water: For nonvolatiles extractions, ASTM Type II water · ivalent must be used. 
For volatiles extractions, the reagent water must also be v~e. 

11.3 Hydrochloric acid (HCI): 1.0 N / ~ V 
11.4 Nitric acid (HN03): 1.0 N vV 
11.5 Sodium hydroxide (NaOH): 1.0 N 

11.6 Glacial acetic acid(CH3CH200H) oW 
11.7 Extraction Fluids: ~ 

11 . 7 .1 Extraction fluid~ 28 ml glacial CH3CH200H to -25 L of reagent water, add 
3.215 L of 1.0 OH, nd dilute to 50 L. When correctly prepared, the pH of this 

fluid will b~~ 
11. 7.2 Extrt:scti n 1 • ilute 285 ml glacial CH3CH200H with reagent water to a volume 

of 5 er n correctly prepared, the pH of this fluid will be 2.88 ± 0.05. 

a Extraction fluid pH must be checked initially to verify the fluids have been 
made correctly, and before each extraction use. Additionally, both 
extraction fluids must be monitored for impurities by preparing method 
performance blanks. If contamination is found or pH is not within 

.... ~ specification, the fluid must be discarded and prepared again. These -v checks must be documented by recording appropriately. 

12.0 STANDARDS PREPARATION 

12.1 TCLP extracts for metals, designated as Laboratory Control Samples (LCS) or Matrix Spikes 
(MS) must be spiked before preservation according to the following: 

ICP Analysis 
Analyte Stock (ug/ml) Spike added Sample Volume Final Spike 

(ml) (ml) Cone. 
(ug/ml) 
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ICPAnal sis 
Analyte Stock (ug/ml) Spike added Sample Volume 

(ml) (ml) 

Arsenic 500 1.00 
Barium 50 1.00 
Cadmium 50 1.00 
Chromium 50 1.00 
Co er* 50 1.00 
Lead 50 1.00 
Selenium 500 1.00 
Silver 50 1.00 
Zinc* 50 1.00 

Analyte Stock (ug/ml) Final Spike 
Cone. 
u /ml 

Arsenic 100 0.050 
Barium 100 0.050 
Cadmium 100 0.050 
Chromium 100 0.050 
Co er* 100 0.050 
Lead 100 0.050 
Selenium 100 0.050 
Silver 100 0.050 
Zinc* 100 0.050 

CVAA Anal sis 
Analyte Spike added Sample Volume Final Spike 

(ml) (ml) Cone. 
u /ml 

Mercu 0.100 0.200 4.00 0.005 

.13.1 Perform preliminary TCLP evaluations on a minimum 100 gram sample aliquot. This aliquot does 
not undergo TCLP extraction. 

13.2 Preliminary evaluations include: 

13.2.1 Determination of percent solids. 

13.2.2 Determination of percent solids to decide whether a waste is extracted or filtered. 
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13.2.3 Determination of whether the solid portion of a waste requires particle size reduction. 

13.2.4 Detennination of which extraction fluid must be used for a nonvolatile TC~ ~ction. 
Use the TCLP Extraction Worksheet (Attachment 20.4) as a step-by-step gui and as 
a logbook for recording sample evaluation results. 

13.3 Percent solids (section 2 on the TCLP Extraction Worksheet) are defined as n.,ple fraction 
(as a percentage of the total sample) from which no liquid may be foa*· an applied 
pressure, as des.cribed below. 

13.3.1 If a sample will obviously yield no liquid when subjected ~e~ 1ltration (is 100% 
solids) proceed to section 13.4. V 

13,3.2 · If a sample is liquid or multiphasic, liquid/s~oration to make a preliminary 
determination of percent solids is require~d. · inv ves the pressure filter holder 
described in section 9.4.4 and is outlined b . 

13.3.2.1 Pre-weigh the filter disc and con · eceiving the filtrate. 

13.3.2.2 Assemble the filter ~d~ter by placing the filter on the support 
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screen and secunn 'V 
13.3.2.3 Weigh out a sa pie al uot (100 g minimum) and record the mass. 

13.3.2.4 

If greater than 1 % of the original mass obviously adheres to 
the transfer container, determine the mass of this residue and 
subtract it from the original aliquot mass recorded. This 
subtraction determines the actual mass transferred. 

13.3.2.6 Gradually apply gentle pressure up to 10 psi, until pressurized air moves 
through the filter. If no air moves through after being at 10 psi for 2 
minutes, and if no additional liquid passes through the filter, slowly 
increase the pressure in 10 psi increments at 2 minute intervals, to a 
maximum of 50 psi. When air begins to move through the filter or when 
liquid flow ceases after 2 minutes at 50 psi, stop the filtration. 

Note: Instantaneous application of pressure degrades the glass fiber 
filter and causes premature plugging. Pressure increases 
must be gradual. Especially below 10 psi. 
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13.4 

13.3.2.7 Any sample remaining on the filter is defined as the solid phase which 
must be TCLP extracted. The liquid filtrate is the initial liquid phase. 

13.3.2.8 

Note: 

Percent Solids= (MJ Mw)*100 

Where: 
Ms = solid phase mas 
Mw = waste aliquot ma 

Calculation of percent solids must be done w as:_ 

13.4.1 To dry a solid phase, rernoeid phase and filter from the filtration apparatus. 

13.4.2 Dry the filter and s~t 100 ± 20° C until two successive weighings yield the 
same value wit~ 1~ecord the final dry mass. 

Note: Caution ~~1'to ensure a solid phase will not flash when heated. The drying 
oven mu ed to a hood. 

13.4.3 Cal~ •t dry solids as follows: . 

V-Mt) 100/Mw 

= dry waste+filter mass (g) 
= tared filter mass (g) 
= total waste aliquot mass (g) 
= Dry Solids(%) 

13.5 When percent dry solids are less than 0.5%, proceed to section 13.10 if a nonvolatiles extraction 
is required. Proceed to section 13.11 if a volatiles TCLP is required. If solids are equal to or 
greater than 0.5%, use a new sample aliquot to determine if particle size reduction is necessary 
and to determine which extraction fluid is required. 

13.6 A filterable oil with apparent solids greater than 0.5% due only to an oily residue on the filter 
because of premature clogging, is considered 100% liquid and its own leachate. TCLP results 
will be obtained from the filtered oil only. The oily filter/residue will not be TCLP extracted. 
Volatiles TCLP results will also be obtained from analysis of the filtered oil only. 
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13. 7 Solid phase particle size reduction: 
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13. 7 .1 . Particle size reductlon is required before TCLP extraction unless a solid ;s ~rface 
area equal to or greater than 3.1 cm2/g or is smaller than 1 cm in its rrowest 
dimension. It must be capable of passing through a 9.5 mm standard sie . 

13.7.2 If a solid phase will not pass through the sieve, reduce particleay crushing, 
cutting, or grinding until it does. Record all steps taken to reda~- size on the 
TCLP Extraction Worksheet in sections 2.3, 3.2, and 4.4. 

Npte: Surface area criteria are meant for filameh~s p , cloth, and similar 
waste materials. Actual measurement of s ace ea after particle size 
reduction is not required, nor is it recommende .. 

13.8 If a solid phase is greater than or equal to 0.5% an~di ~ed for nonvolatiles, determine 
the appropriate extraction fluid as follows (com e ~~- 3 on the TCLP Extraction 
Worksheet): 

Note: TCLP extraction for volatile constit~ts ui only extraction fluid #1. If TCLP 
extraction for nonvolatiles is not ~ire~eed to section 13.11 . 

13.8.1 Reduce a small subsamp~"Viase to particles of approximately 1 mm in 
diameter or less. Weigh 5.~ 500 ml beaker or Erlenmeyer flask. 

13.8.2 Add 96.5 ml of re nt r cover with a watchglass and record the temperature. 
Stir vigorousl~yo tes using a magnetic stirrer. Measure and record the initial 
pH. The pH eta at room temperature (25° C). If the initial pH is less than 
5.0, use E~

1 
.·d #1. Proceed to section 13.10. 

13.8.3 If pH is an 5.0, add 3.5 ml 1 N HCI and slurry briefly. Cover with a 
wat~ heat at 50° C for 10 minutes. 

13.8.4 ~~ion cool to room temperature (25° C) then measure and record the pH. If 
ess than 5.0, use extraction fluid #1 . If pH is greater than 5.0, use extraction 

13.9~~ aliq~ot used for preliminary evaluation is 100% solid, then it can be used for ~ TCLP extraction (assuming at least 100 g remain). The aliquot used for percent 

. 
so s Cletermination is also appropriate for nonvolatiles extraction if enough solid was obtained to 

ort all analyses required. If an adequate amount remains, proceed to section 13.10. If a 
sample is not a 100% solid waste, and a solids determination was done, another aliquot must be 
taken for TCLP volatiles extraction. 

13.10 Procedure to use when volatiles are not involved: 

13.10.1 For nonvolatiles TCLP extractions, 100 g of sample is required (complete section 4 
through 7 on the TCLP Extraction Worksheet). A larger aliquot may be needed 
depending on percent solids content, on whether any initial liquid phase is miscible with 
the solid phase extract and on which analytes are required. Enough solid phase 
extract volume must be obtained to support all analyses requested. If an extract 
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13.10.2 

13.10.3 
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volume generated by a single extraction is insufficient to support all analyses, another 
sample aliquot must be extracted and the extracts combined before analysis. 

If a waste yields no liquid when subjected to pressure filtration (is 100%~C solids), 
weigh out at least 100 g and proceed to section 13.2.9. · 

If a waste is liquid or multiphasic, pressure filtration is required as fol~ 

13.10.3.1 Pre-weigh the container receiving filtrate. "' 

13.10.3.2 Assemble the filter holder and filter. Place thSilllll~c ... ll1 

13.10.3.3 

13.10.3.4 

and secure. Acid-wash the filter if evaluating 

Note: 

If greater than 1 % of the original mass obviously adheres to 
the transfer container, determine the mass of this residue and 
subtract it from the original aliquot mass recorded. This 
determines the actual mass transferred to the filter. 

Gradually apply gentle pressure up to 10 psi, until air moves through the 
filter. If no gas moves through after being at 10 psi for 2 minutes, and if no 
additional liquid passes through the filter, slowly increase the pressure in 
10 psi increments at 2 minute intervals, to a maximum of 50 psi. When air 
begins moving through the filter, or when liquid flow ceases after 2 minutes 
at 50 psi, stop the filtration. 

Note: Instantaneous application of pressure degrades the glass fiber 
filter and causes premature plugging. Pressure increases 
must be gradual. Especially below 1 Opsi. 

13.10.3. 7 Waste remaining on the filter is defined as the solid phase which must be 
TCLP extracted. Any filtrate is defined as the liquid phase. Weigh the 
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filtrate. The liquid phase is analyzed as the TCLP extract if dry solids are 
less then 0.5% or stored at 0 - 6° C until the solid phase is extracted, if 
solids are equal to or greater than 0.5%. 

Note: Certain oily waste and paint waste, may contain liqui material 
that will not filter, even after the pressure filtra cribed 
above. Such unfilterable liquid is defined a~sP s and 
must be extracted. No attempt must be to continue 
filtering by using a fresh filter. Use onlg 

13.10.3.8 If a waste contains < 0.5% dry solids proce t ecf 13.10.8. If a 
waste passes the 9.5 mm sieve as receiv , qu 1vely transfer the 
solid phase and filter into an extraction b e, th n proceed to section 
13.10.4. 

13.10.3.9 Prepare solid phases for extracti ~hing, cutting, or grinding to a 
surface area or particle size t w s through the 9.5 mm sieve. 
When surface area or part ze s been reduced, quantitatively 
transfer into an extraction bottl I ude the filter used to separate the 
initial liquid from the solid~se.~ 

13.10.4 Determine the volume of extracti~ ~d to the extraction bottle as follows:· 

M,. 0, 0 = (20/100)'S,•M,, 0 
Where: ~ 
Mext fluid = ~cti uid mass needed (g) 
Mw = t ast aliquot mass (g) 

sd ~-s s(%) · 

13.10.5 Che~ trac on fluid pH and record in the appropriate TCLP Extraction Fluid 
Log ok ments 20.2 and 20.3). Slowly add extraction fluid to the extraction 
bott · Cl e the lid tightly using PTFE tape to ensure a tight seal. Secure in the 
~-~! a rotate at 30 ± 2 rpm for 18 ± 2 hours. The extraction room temperature s:::Je maintained at 23 ± 2° C during the extraction. 

ote: While tumbling, pressure may build within extractor bottles containing lime 
or. calcium carbonate waste from carbon dioxide. To relieve excess 
pressure, bottles must be periodically opened after extracting 15 minutes, 
30 minutes and 1 hour. Vent the bottles into a hood. 

13.10.6 Following extraction, filter the extract fluid through a new 0. 7 µm glass fiber filter, as 
outlined previously. The filter may be changed if necessary, to speed up filtration. 
Filters must be acid-washed if evaluating metals mobility. 

13.10.7 Complete TCLP extracts as follows: 
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13.10.7.1 If a waste contains no initial liquid phase, the extraction bottle filtrate is the 
complete TCLP extract. 
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13.10.7.2 

13.10.7.3 

If multiple phases will not result, combine the entire extraction bottle filtrate 
with the initial liquid phase separated from the waste aliquot used. The 
combined liquid becomes the complete TCLP extract. 

If an initial liquid phase from the waste does not appear co;,~ with 
extraction bottle filtrate, do not combine. Each must alyzed 
separately and final TCLP results obtained mathematical! 

13.10.8 Following collection of a complete extract, the pH must b·~aliJ'l"llli1 
Immediately aliquot the extract for each analysis and preserve. 

13.10.8.1 Metals aliquots must be acidified with nitric a Ci to P. . If precipitation is 
observed when nitric acid is added to a sm volu e, do not acidify and 
digest as soon as possible. 

13.10.8.2 All aliquots must be stored b~ye Oo -6° C) unless prepared for 
analysis immediately. ~ 

13.10.8.3 Extracts must be prepared alyzed according to appropriate 
analytical procedures.. ~ts fi metals must be ac. id digested except 
when digestion cau~s an oss. If an undigested extract analysis 
result exceeds a re to mit, the waste. is hazardous and extract 
digestion is nosq . owever, data from undigested extracts cannot 
be used to de nstrat a waste is not hazardous. If individual phases are 
analyze~ termine each phase volume to ± 0.5%, conduct the 
appropr' e sis, and combine individual phase results using a 
voi~ ted average: 

. e (Vt)(CI) + (V2)(C2) 
at10n = ------

a V1+V2 

G V1here~ Volume of the first phase (L) 
C1 = Concentration of analyte in the first phase (mg/L) 
V2 = Volume of the second phase (L) 
C2 = Concentration of analyte in the second phase (mg/L) 

.._ ~ Report TCLP analyte concentrations with the regulatory limits listed in Attachment 20.1. 

13.~edure to use when volatiles are involved: 

Vi/lien TCLP volatiles analysis is required, a ZHE must be used to obtain the TCLP extract. 
Extracts obtained from a ZHE must not be analyzed for metals, pesticides or base-neutrals. The 
TCLP/ZHE Worksheet (Attachment 20.5) must be completed when volatiles are extracted. 

13.11.1 A ZHE has approximately 500 ml internal capacity. No more than 25 g of solid phase 
can be extracted, due to adding extraction fluid equal to 20 times the solid's mass. 
(Only the sample fraction from which no additional liquid is filterable at 50 psi is 
extracted) 
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13.11.2 

13.11.3 

13.11.4 

13.11.5 

Introduce sample into a ZHE for extraction once and do not open until the solid phase 
extract has been collected. Repeated filling to obtain more extractable solid from a low 
solids waste is not permitted. · ~ 

Do not expose waste samples, initial liquid phases or extracts t~ the ai · more 
time than absolutely necessary. These materials must be handled~cold - 6° 
C), to minimize volatiles loss. 

~:::i~weigh an evacuated Tedlar• bag and set it aside. ~ed1 ectly into the 

Place a ZHE piston within ZHE body (it may be helpful moi en the piston 0-rings 
with extraction fluid). Adjust the piston to a height inimizes the piston's 
movement once the ZHE is charged with samsure the gas inlet/outlet flange 
(bottom flange) onto the ZHE body. Sec~re lass ber filter between the support 
screens and set aside. Set the liquid inlet/ et op flange) aside. 

13.11.6 If a waste is 100% solid\.wei~ no more than 25 g and record the 

mass. "V 
13.11. 7 If a waste contains <~% ~ solids, the liquid filtrate is the TCLP extract. 

Weigh out up t~¥rgihg and record the mass. 

13.11.8 If a waste f1\.,,J.5% solids, weigh out a calculated sample charging 
.,.._,,nd record. Calculate the charging mass to weigh out as 

rging mass (g) = (25*100)/percent solids 

13.11.8 If s~oid h e size reduction is required, crush, cut, or grind to a surfac. e area or 
parti s viously described. The solid phase and reduction equipment must 
be oled 0 - 6° C before performing the reduction. The technique used must not 

fj 
at in and of itself. Air exposure during particle reduction must be avoided 

ighest extent possible. 

Do not sieve due to the possibility that volatiles will be lost. Use a 
graduated ruler instead. 

Do not let slurries stand for solid phase settling. Do not centrifuge waste before 
charging the ZHE. 

13.11.10 Rapidly and quantitatively transfer the entire sample (all phases) into the ZHE without 
rinsing. Secure the filter and support screens onto the top flange and secure the top 
flange to the ZHE body. Tighten all ZHE fittings and place in a vertical position (gas 
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inlet/outlet flange on the bottom). · 

Note: If greater than 1 % of the original sample mass obviously adheres to the 
transfer container, determine the residue's mass and subtract from the 
charging mass. 



~. TRIMATRIX f' L A B 0 R A T 0 R I E S 

SOP Name: Toxicity Characteristic Leaching Procedure (TCLP) 
SW-846 Method 1311 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 SOP Number:GR-01-119 page 16 of28 

Attach a gas line to the gas inlet/outlet valve (bottom flange), then with the liquid 
inlet/outlet valve (top flange) open begin applying gentle pressure of 1-15 psi to force 
all headspace out of the ZHE device. Perform the expulsion in a hood. At the first 
appearance of liquid from the liquid inleVoutlet valve, quickly close t: ~ and 
discontinue pressure. If a 0 - 6° C sample temperature .inhibits filtration, let th sample 
warm to room temperature in the ZHE before filtering. 

13.11.11 Attach the evacuated pre-weighed. Tedlar® bag to the liquid inlet/outlje, then open 
the valve. Begin applying gentle pressure of 1-10 psi to force 1 hase into the 
bag. If no additional liquid is expelled in any two minute inte al, sl I increase the 
pressure in 10 psi increments or less to a maximum of 5 on ue at the same 
pressure until no additional liquid is expelled after two inute , en proceed to the 
next higher pressure increment. When liquid flow has c sed ce 50 psi is reached 

liquid inlet/outlet valve, discontinue pressure to on, then disconnect and weigh 
the Tedlar® bag. 

and no additional filtrate is expelled after two ~in tes, s e filtration. Close the 

Note: Instantaneous application 0L1) Clegrades glass fiber filters and 
causes premature pluggi~ A~rease pressure gradually. 

13.11.12 Particulate material remaining i~HEV'sample filtration is the solid phase. The 

cooler until the solid phase as mbled and the two phases can be combined. 
filtrate is the liquid phase. ~ di bags containing liquid phase in the walk-in 

All Tedlar® bags containing uid P. ase or extract must be labeled. 

Note: Some as oily sludges and paint waste, will obviously contain 
mat I t appears to be a liquid. Even after applying maximum 
pr s th1 material may not filter. If such is the case, the material 

·~nth HE is defined as a TCLP solid and is extracted. 

.
and rea analysis. Otherwise, determine the mass of extraction fluid #1 to add 
to t ZHE s follows: 

If a~ ta1 < 0.5% dry solids, the ZHE filtrate is defined as the TCLP extract 

C.:r;ion fluid #1 (g) = (20/1 OO)*percent solids*sample charging mass (g) 

1~Yextraction fluid to the ZHE and tumble to extract, as follows (fluid #1 is used in all 

.... '~ases): 
"V 13.11.13.1 With the ZHE in the vertical position, attach a line from the fluid reservoir to 

the liquid inlet/outlet valve. The line used must be pre-flushed with fluid to 
eliminate air pockets. Release pressure on the ZHE piston (from the gas 
inlet/outlet valve), open the liquid inlet/outlet valve and pump the calculated 
amount of extraction fluid into the ZHE. 
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13.11.13.2 After adding, immediately close the liquid inlet/outlet valve and disconnect 
the extraction fluid line. Check the ZHE to ensure all valves are closed. 
Manually rotate the ZHE end-over-end 2 or 3 times. Reposition in the 
vertical position with the liquid inlet/outlet valve on top. Pressurize enough 
to move the piston (about 5-15 psi) then slowly open the liquid inlet/outlet 
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13.11.14 

valve to bleed any headspace from introducing extraction fluid (do in a 
hood). The bleeding must be done quickly and stopped at the first 
appearance of liquid from the valve. Re-pressurize the ZHE to 5 - 10 psi 
and check all fittings to ensure each is closed. ~ 

13.11.13.3 Place in a ZHE rotary tumbler and rotate at 30 ± 2 rpm for _ hours. 
The extraction room temperature must be monitored an~taine at 23 
± 2° C during extraction. 

Following extraction, check the pressure behind the ZHE pisto~I opening and 
closing the gas inleUoutlet valve and noting the escape of~·o· 

13.11.14.1 If no gas release is observed, the extractor h lea d. Check for leaks as 
specified in section 9.2.3, repeati~g e ext · n with a new sample 
aliquot after repairs are made. 

13.11.14.2 If a ZHE is still pressurized 0 · , the liquid in the extractor is 
filtered out. If the waste co · ompatible initial liquid filtrate, the 
solid phase extract is filte~ dire~ o the same Tedlar® bag. 

13.11.14.3 A separate Tedlar'~ =nu¥sed if combining the solid phase extract 
and liquid filtra~e ul · e phases, or if one Tedlar® bag will not hold 
the entire volu of IJ uids. 

13.11.14.4 Filter ex u ugh the glass fiber filter already in the ZHE by 

V1 + V2 
where: 

_._;e gradually, as discussed previously. All extract fluid 
ed and collected if a Tedlar'~ bag is used, if an extract is 

if the waste contains an initial liquid phase. 

V1 =Volume of the first phase (L) 
C2 =Concentration of analyte in the first phase (mg/L) 
V2 = Volume of the second phase (L) 
C2 = Concentration of analyte in the second phase (mg/L) 

13.12.16 Report TCLP analyte concentrations with the regulatory limits listed in Attachment 20.1. 
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14.0 

14.1 

15.0 

15.1 

DATA REPORTING AND DELIVERABLES 

There are no data reporting or deliverable requirements applicable to this procedure~ 

QUALITY ASSURANCE ~ 
Extraction Vessel Blanks: Q 
15.1.1 A minimum of one extraction blank using fluid #1 must&pr after 20 sample 

extractions in the same ZHE extractor. There are fourte extr tors labeled A-0 and 
four labeled 1 ~ 4. 

15.1.2 A minimum of one extraction blank mus~b ~ for each extraction fluid #1 
batch, for all analytes. ~ 

15.1.3 An extraction blank is set up for each new I f bier vessels. The extraction blank 
is extraction fluid tumbled and filtere s if · ere a sample. Analyze the tumbled 
extraction blank to document th~~~~~ contamination from the tumbler vessels. 
If contamination is found, the lot'~ ected. 

15, 1.4 Perform a filtration blank~ay semi-volatiles/metals samples are tumbled. 
Perform the filtration ~raction fluid #2. Treat the solution as a tumbled 
leachate and pass t ou e filter. Analyze the filtered extraction fluid to document 
the absence of~o from previous filtrations. If carryover is found, all associated 
samples with · e r Its must be re-extracted and re-filtered. If unable to re-
extract/re-filt ffec samples, the associated sample results must be qualified .and 
narrated. 

'llllllE' ....... ~ 

15.2 A post-extrac~· r spike must be performed for each waste type (including wastewater 
treatment slu e, soi and waste) unless a result exceeds the regulatory limit, and data is used 

analyti bate se matrix spiking concentrations listed in individual volatiles and semi-volatiles 
solely t~ a waste is hazardous. At least one matrix spike must be analyzed for each 

a~al · roe ures, but for metals refer to Section 12.0. 

atrix spikes are added to TCLP extracts before preserving for analysis. Do not spike 
before the TCLP extraction . 

. 2 In most cases, extracts must be spiked at regulatory limit concentrations. If analyte 
concentration is less than half a regulatory limit, spike concentration can be as low as 
half the analyte concentration but not less than five times the method detection limit. 
To avoid matrix variability, a matrix spike analysis must be done using the same extract 
volume as an unspiked analysis. 

15.2.3 Matrix spikes monitor procedures used for TCLP analysis, and document matrix 
interference. 

15.2.4 Matrix spike recovery is calculated as follows: 

grQ1119 2.4.doc 
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%R = 1 OO*(Xs - Xu)/K 

where: 

15.3 

Xs = Spiked extract concentration (mg/L) ~ 
Xu = Unspiked extract concentration (mg/L) ~ 
K = Spike concentration (mg/L) 
%R = percent recovery 

Samples must undergo TCLP :.:::=~~::~~I:: (:~:~mQes: Q . 
From: From: . rom 

Parameter Sample Collection: TCLP extraction re~ rative extraction 

To: TCLP To: Pre To: 
Extraction Ex Analysis 

Meroury 28 
Metals; except mercury 180 
Volatiles 14 
Semi-volatiles 14 

If any holding time is exceeded, all re 
Exceeding a holding time can not est lish a aste as nonhazardous when results are below the 
regulatory limit. However, r~e· out of holding time can still establish a waste 
characterization as hazardous e entration is above the regulatory limit. 

15.4 TCLP logbook entries m·L ~ leted for both volatiles and nonvolatiles/metals during initial 
set-up/pe.rcent solid~, . ~.a~c~ti uid and pH determinations. Entries must also be made for all 
filtration steps sue measurements and meter identification number, including times 
completed. 

15.5 If an organics~xtraction bottle leaks or breaks, and the leachate does not tumble for 18 
±2 hourS2.~must be set up again. If a rotary tumbler is shut off for longer than a few 
minutes r a Z loses all (not some) pressure, the sample must be set up again. 

15.6 T~te nough leachat.e for ~II nonvolatile organics., met~l_s analysis an~ ~C, three li~ers of 
a st be prepared. Two liters for base-neutrals, pest1c1des and herb1c1des. One hter for 

a For only base-neutrals and metals, two liters of leachate must be prepared where one 
a half liters goes for base-neutrals, and a half-liter goes for metals. Leachates for non

tiles organic analysis must be stored in 4 L jars with PTFE,..lined lids. 

15.7 Extraction fluid is made in 50 L quantities and given a Batch l.D. number. A TCLP extraction 
blank must be performed on each batch made. 

16.0 DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

16.1 There is no quantitative demonstration of capability associated with this procedure .. 
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17.0 

17.1 

17.2 

17.3 

17.4 

18.0 

18.1 

18.2 

18.3 

19.0 

19.1 

20.0 

20.1 

20.2 

POLLUTION PREVENTION 

Maintain an inventory of all chemicals used in the laboratory to monitor their use. ~ 

Never dispose of laboratory chemicals without first referencing appropriate written i · ns of 
disposal for that particular material. .t") 
Conserve the use of chemicals where applicable. o~ 

Comply with all environmental laws associated with chemicals in th~~ ry. 

WASTE MANAGEMENT v 
Consult the appropriate Material Safety Data Sheet (~S ~isposing of chemicals. 

To minimize the environmental impact and costs as i l~e disposal of chemicals, order 
and use only the minimum amount of material re~uire . 

Consult TriMatrix SOP GR-15-102 for labo~sposal requirements. 

REFERENCES ~ 
Test Methods for Evaluating ~ Physical/Chemical Methods, SW-846, 3'd Edition, Final 
Update I, Revision 0, Jul~~Oif 1311, "Toxicity Characteristic Leaching Procedure" 

ATTACHMENTS 

20.7 TCLP 2-Phase Calculation Spreadsheet 
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TCLP Regulated Analytes List 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 

ANALYTE CASNVMBER REGULATORY LIMIT (mcJL) 

gr01119 2.4.doc 

Bcmenc 
2-Butanonc 
(Methyl Ethyl Ketone:) 
Carbon Tetrachloride 
Chlorobenzeno 
Chlorofonn 
l,2-Dicblorocthanc 
I, l-DicbloPJCthcae 
Tccncblorocth1111C 
Trichloroethcnc 
Vinyl Chloride 

VOLATILE ORGANIC COMPOUNDS 

7I-4J-2 
78-93-3 

S6-2J-S 
IOS..90-7 
67-~3 
107-06-2 
75-35-4 
127-lB-4 
7S-01-6 
75-01-4 

SEMI~VOLATILE ORGANIC CO 

1,4-0ichlorobenzcm:: . 110264~6-27 v 
2,4-Dinitrotolaene -
Hexachlorobenzene 11s; 
Hexachlorobutadicne (i · 
Haiw:hloroethane . 67-7 

2-Mcthytphenol ~9S-4 
3-Mclhylphcnol 
4-Melhylplienol ~ o.44-5 
Nitrobenzme 98-95-l 
Penw:hlorophmol 87-86-S 
Pyridine ~. 110-86-l 

2.4J·T-~ 9S-'JS.4 

~™e ::: 
7440-39-3 
7440-43.9 
7440-47-3 
7440-50-8 
7439-92-1 
7439-97-6 
7782-49-2 
7440-22-4 

Zinc• 7440-66-6 

• addi1ional State of Michigan reguhned mcllls 

1.S 
O.ll 
0.13 
0 . .5 
).0 
200 
200 
200 
1.0 
100 
s.o 
400 
2.0 

s.o 
100 
1.0 
5.0 
100 
5.0 
0.2 
1.0 
s.o 
soo 
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Attachment 20.2 
TCLP Extraction Fluid Number 1 Logbook 

_ TCLP E&lraclloa fluid #I 
pH:s4.9J±0.05 

Batch l.D._____ Dale Made ___ _ 

AmtJLat# N•OH Used --------
Amount of R~agent. Waler Used -------

lnlllal pH orBakb ------

I 
I 

Batc• 1.0 •. ____ _ Analyst 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 

AmL Glac:W Acetic Acid Used -----
Tau.I Liter A.mt. of Batch -------

Initial pH or Barda 

I I 
I 

pH Mdel' Used/Date Callbrated 

Ana&yst/pH meter llHdJDate Ca1H1rated 
I 
I 
I 

TCLP Elctraclion fluid H 
pH:4.9J±O.OS 

Dare M114e ____ Analyst 

I 

Amt. GJadal Acetic Add UJed -----
Tollll Litcr Amt. of Batcb 

• 1f pH is out of rile acceptable range. note it and make a new balch of fluid 
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Attachment 20.3 
TCLP Extraction Fluid Number 2 Logbook 

Barcbl.D. -----Amount Glai;ial Acetk Acid Used 
A mount of Reagent Wiler Used 

A.. TriMatrix 
.... laboratories, Inc. 

TCLP Eztndioa Fluid #Z 
pH~OS 

O.te Mad•----

Initial pHoFBakh -------

Addlllonal pH Rtadings•/Datc Redledicd/ Analyst/pH meter used/Date Cali 
I I 

Batch l.D.__ ___ _ 

Amount Glacial Acclk Add Vsed 
.\mvunt or Rcagmt Water Used 

I 

Analyst 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 

pH Meter Used/Dale Calibrated 

gr01119 2.4.doc 

I 
I 

alyst/pH meter uscd/lbte Callbnted 
I 

TCLP Extraction Fluid #1 
. pH=2.llJ.t0.05 

Date Made ____ _ Analyst 

------------ Total Uler AmL of Batch 

pH Meter lkedJDate Callbnted 

I 
I I 

•1f pH is Ollt of lhe acceptable: range, note il and make a new barch of fluid 
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Attachment 20.4 
TCLP Extraction Worksheet 

ATriMatrix TCLP Extl'ldlon Worbheet "Labontorla. l'llc. 

Revision Number: 
Date Revised: 
Date Initiated: 

2.4 
7/23/11 
7/1/94 

Cilml1--------+------""-+-----+111,_._ ____ ,.. 
. SllllpltNludtrt--~~~~r-~~~~t--~~~-df'--'ll,_~-1 

I.I S""'*llacrifd'"' ll.iqtid.IGlid, 11ul~·plluicl----···········-- .... _ ................... _.,, ............ - .•. ""-------......i.------~--------' ... ~11"------' 
" SolWt Ddcnnillltloa 
AB lllliplol-undnp • IGlldsdllcnllllllloa. Oalr....,.tllt NIWI r .... 11111 ...... llrlliilluicl ddtnalaolloD. lllard ur at1wr IOllb'llllnla lram1NI 

11 AOllJSllDl,. ....... - .............. , ....... _ ..................................... - .......... - ..• - .............. - ... l----;.....--11-----.---+---.... ---Ht--.;...,---f 
1J 

u 

).) 

IA 

u 
u 

l.7 
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Attachment 20.4 (Cont.) 
TCLP Extraction Worksheet 

I 

ti 

I 
I 

ml 
ml 

y " y 

7.t 
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" 

I 

ti 

I 

.. 
m I , 

ml 

ml 

1111 .. 
ml 
ml .. ... 

t 

Revision Number: 2.4 
Date Revised: 7/23/11 
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.. 

ml .. 
ml .. 
nd Ill 

nd. ml 

1111 ml 
nd .. .. m .. "' 
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ZHE Jdentllka11o11• A 
Client 

Samnle Namher 

Dale Scarled 

Tl-Starled 
AnlY5l (Set Up) 

RoomT ........ (C) 

Wet Sample Weklhl W 

Attachment 20.5 
TCLP/ZHE Worksheet 

£.. TriMatrix 
... Laboratories. Inc. 

TCLPJZHE WORKSHEET 
B c D 

Percent Solids 

B 

-
I 

Residue Wetthc (&) ""' ActUal SamDle Wt (I) I ' Filler Wetoht (II!) '" 
,. ... 

Filkr +Sold WL (Ii) wet ' I 
Grams Fillnre • ... 
" Wee Sollds ~ ~ 
Adjusted ._nt ofsainple to Jield 

~Iii.. ,, ..... 25' trams (Sm l'onnula below) .-
Extra•oa Uon 

lbtnlcllon Fluftl Tv..., ~ I 
pl{ ornald ~ ~.....,, '-' 
B•ICh Number L I__ 

I~ "' T(;ll'lfZHE Set-up 
Solid Wt. (e) (25 1rams Mall.) ... ~ .... 
mL inillal m1ra1e ' ' 
llfmill:llduad.._..1o,_nu:-_ Iii.. 
llaat, call bli&lal lil1nk Put A ~ 

..... llaal llllnr• Put.-· ~It I) -
mL of atncd111t Ill IW .... ~ ~ 
Sneed olRatanr rl rin!(mml ,_ ........., TCLP/ZHE Com Jlellon 
FinalaH lr1.eac1tatl 

- ~ 
Time ~ 8+2 hoan) 

~ 'Da Ubnled 

' 
•••~@ Comnlellaa 

i:.aa11on ... 
Addilloaal Noles 

p 

.. 
I , 

•Note: A blank lllUSt be lac:htd after every ZOlb sample has been eatnldcd in earh ZHI:. unit. 

Revision Number: 2.4 
Date Revised: 7/23/11 
Date Initiated: 7/1/94 

, ,._ 
G 'ti. I 

.....-.. ...... , .. ~ 
~ • 

~ 
......_.,.. 

I • .... I -... 

Adjusted amount or sample to yield 2Sgrams = (2Sgramslpercent wet soJids) 111: 100 
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Attachment 20.6 
US Environmental Protection Agency Memorandum 35, Pg 1 o 

pity !143t« analysts 

OIUI of Ch• •Ht :£'req1.1mitly ••lic..S 41U9s'Cian• on 'ell• 
••riric:• c:oni:ecn. t:b• appli.:ation of th• Tc:J.P. Keebo4 1. 
ailY van.•. Many c:allei:• r•qu••'C hebnic:.a.l 9'1idal\C8 
•X"C.raCCion or oU.r -•t•• dq• ta 'Che 4itf11:1&1ty in 
an ~·•• typ•• df va•~•. :ta aanr c:a•••· an oilr 
filt.r c:oapl•t•lY du• ca IR' ... i:U&'e 0104J91n9 o:C t.g~'Wl.·Allll._,.li 
i"ilt•r:. '!'Iii• can raaul.t in a.a r•t:•nt:i.cm oc an 
~· 91• .. llll•i=- f.Llt•:r:- llat•rial uac do noc t11a 
9'1••• :CJ.Dar filter•~ ta• conc:lu•iOR ot UI.• fil •up la 
a:Ci.Mcl by =• ••thad •• Ua aoli4 pb•- of U. w De M11.cl 
pllaaa U 'tllerl aWljaC:Cacl CCI tbe la•c:llincJ e Of ~ ~-
For oily vast•s, cl099in9 of tli• 9la•• cer CUI r .. ui~ 1n 
an ov.:esti••tion or Ch• -ollftt of - 1. aval.1elll• fin:" 
i-c:hill9'. 

To -lv• t!Si• prabl-, the A9 a ~Ci.119 
appi-oach, one t:ts&t proballly vi.ll ov ti • 1:1l• -OQDC OC 
l••c:lli119. Rauer tJUan p•1:t'arn1 9 Che eztr•~n an ca. 
-c11eeret1 po~ion o.t ~ oil.y •· G• va•C• u s.oo• 
1iqu14 (•·9. • v11l p••• croQ9tl • fiber tllt•r) and 
J19rfor.a a totals an•lY•i• ~· • o va•t• co 4•t•r.:Lae U Ule 
oil. -c•.d• ~· eppropri•t• CJUl ·laval • 

. Filt•rabl.• va•te 1 9 • md durlftfJ Che 'l'cr.P llWIC M 
analyzed fer·· vari•t oC o nic and 1.ftorci•nic •-1yt.m. ft• 
osw r•c:o911iz•• ~· t ~l in •c:IU•vin9 act:epCUl• a-C"~o~nc• 
tor c.b• enaly•l• usln9 ••tbods eurr~ly p&-oYl4ed 1n 
511-a46. u a r • AIJ•nc:y will pi'OVlda -v~al ... v ••c.llOda 
for the pr.pa.c: lY•i• of oil ..-pl•• to t:ll• OS'91ln1c 
Jlet:aads Wor" July. 1n adcUt:ian, • aic=ov..,. •••~cl 
diqaation P. ur• auld laprova di• analysis at ••t&l• an4 
will. t.e p pas H part oC tile Jec:ond Vpdat• of ~ 'l'JUd 
K4it1on o -•• •~i•f de8Crift1on.·af 'Ch••• tac:aniqu•• are 
prov id ... • f r •deli 'Clonal. 1ntOZ'2&tion on Ch• organic 
proe.t ct aarry r..en~ at (JOZ) Jt0-7459. ..or 
ad~· · in rmation on •ic:i-ovav. • di9astion contac:1: Ollie 
Fo ( J 250-4778. 

Th• •• oC pur9e-and~trap (Method Salo) for valat1l•• in 011 
• • result• 1n •aver• c:ont••ination ot a.n•1)'1:ical 

lna n~tion. 'rr•p•, trat11sf•r lin•• and c:brcaat;,olfl:apby 
co may 1>9coa• concaainat•d ~ith oil. Thi• l••d• \:o .•l•vatecl 

••-conta•inatian. H•adspac:• CK•thod J110> 1• c;urrsntly 
. •llav•cl GIUY •• a .sc:r••n.lncf praced11re in sw-•4•. 'rha AIJ--=Y .t.• 

be lines, bydrocarbO. n ~ackqround in S.Ub••ct'l•nt en•l.Y•••• and 

•-luati119 Q• u•• of b••d•paca ln c:onj'llftt:1:ian vit:!l J.•o~ 
dil~tion mass •P•~i-o••trr car Cha 41\&•fttitativ• •naly•i• •~ 
volatiles in 0£1. H••d•p•c• r•duces int•rfarenr:• p~•1 ... 
•nco11nteracl viel\ P"'"'l•-•nd-trap.· Ho1otC<1ar. b•adSpac;e ~1ut:.1on 
can .._ questiona~l• because 'Ch• diacri~utia~ of •n•l~ .. 1- noc 

10 
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Attachment 20.7 
. TCLP 2-Phase Calculation Spreadsheet 

Sample Anatyte 

1205454...Qt Benzene 
1205454-01 MEK 

1205454-lll 1.1-0lctllo~ 
120545J.-01 Tim':rad'lloro.etner.-e 
:205454-Dt Tr.cmoroemene 

TCLP 
Umll 

?na&e 1 
Raault 

(mg>1.) 

D.5 
200 ; 
a.s 
100 

11.5 
11.7 

Pllas.>I ?l\a&e 1 
?nase t Unlla BUit 

RL (mg.'l or Denal!J 
~·g) (gnuml) 

, ·,·',:.· Q a 
._ :· a a 

D a 
.: •] 0 

0 a 
0 

. . 0 
0 

a 

TO!al lilW... ?tuseZ ?na&e I Pna"" I 
rtJtal Pl!ase2 Plla&o2 Ulllta 

VOfume Ree.ult RL (mg:\. or 
VOiume or e<Ma&& .... 1111118 "'!l'lQ) 

a a a 
a ·O 0 
0 0 0 
a a a 
a 0 : a 

0 >' Q 

a 0 '.•· . · . Iii 
a 0 0 

Revision Number: 

,._.._ ., -·-

Date Revised: 
Date Initiated: 

- . 
.J D 
11 a 
JI 

D 

0 a a 0 . - .,. ·;- 0 1 0 

U0545J...01 2-~emvt~ 
120l'Ml..~•1 J..M~IDJ1.enot 

120~1 .&-MethvlDl!enO! 

D.S 

200" 
200 
200 

a 
a 
0 

0 
0 
0 

.;; 0 

a a 0 
D a 
a ii 
a 0 a 
0 D 0 
D 
0 a .,,,__ 

- 0 il Q 
0 0 D •J t205454-01 ?e~ too ...... •J a ll 

.. · 0 a 120~11Pl'Ynttlne 51·- · ~ a.. ..111 oJ Q D 

0 0 12o:i.:i...."Ll.-Ut z..s.s-ntcn~rnu 400 • a o ·J a 
0 a 

0.1 mw~ O-S725 

a 
0 

2.4 
7/23/11 
7/1/94 

1205'5J.-Q I 9al"IJ.--n 100 a.G6473 .:-.o.L f'?W'.•tl:ft o.a12s • 343 O.Of.362 D.3S ,,,..., f22..D2 am 0.0191 0.317 . 
120~1 caamuun 

1205404-lll coo ..... 
1205JS.l-lll Lead 
120SJ.5,J..Q1 V~"""'nv 
'20~1 ~eiie,."'l[WM 

120545J.-Ot !;lf'fl!f 

.~~~ztic 
120545.&-0I 2.-l-O 
1.20545J-01 SllWX 
~"'l"'"~.\~:>:' :--=.~~t·~';l't"?~~:m. 

12051SA-111 CIOOIU3M 
1:05'5.l-ill Er-<:m 
120s.is.i--01 '11!ll!.1clilor 
1205454-Q! >feat3Clllor E:ioIIOI! 
120545.&-01 U"""1e 
120s.i..s.&-G1 ToxOH11lene 

I -il.llllt2 O.ll2 
_ .. q 

ll.!1725 
0.1919 0.1 """"' ~-e725 

toe - mm•a 
'IE-04 . Q.f ,: ->872• 

····--~ ll o.03 ·· ' I ;:•-'·• ~ ·. ;. ;· ... 
D.02 ·' 

0.008 ·-·· 
11.aa 

Jll 

.... 
--· D 

• 

0 
D 
a 

D 

OJJooa1 :- a.as 122:.02 Q!TI 0.001 o_o.u; 
:-0.00fl7 . G.25 """ 122.il2 <Im 0.020 0.230 

122.02 am 
D.CC<!63 '.' 0 .25 · • 122.02 am 0.008 0.230 

O.OC5 
O.G15 0.166 
0.002 o.a.u; 

0 .··.· 
. -, .·. 

0 0 a a .. 0 (I 0 a 
0 a 0 D 
a a 
•] ·J a 

~Vf&lon U6.'t4112 
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1.0 SCOPE AND APPLICATION 

1.1 

1.2 

2.0 

2.1 

2.2 

2.3 

3.0 

3.1 

This procedure includes analysis for total mercury (inorganic/organic) in mobility extracts, 
aqueous wastes, groundwaters, d.rinking waters, surface waters, saline waters, =~. aters, 
domestic industrial wastes, soils, wastes, sludges and oils. All samples must u ergo a 
preliminary digestion. · 

The _typical reporting limit is 0.2 ug/L mercury for aqueous and 0.05 mg/kaolid sample 

mamces. O' 
PRINCIPAL METHOD REFERENCES 

Update II, Revision 1, September 1994, Method 7 4 70A, " rcu in Liquid Waste (Manual Cold-
Vapor Technique)" ~· · 

Methods for the Determination of Metals in Environ ta/ amp/es, Supplement I, May 1994, 
Revision 5.4, EMMC Version, "Determinatio~".l ~~ in Water by Cold Vapor Atomic 
Absorption Spectrometry", Method 245.1, Revisio.V.ay, 1994 

Test Method for Evaluating Solid Wa#· hemical Methods, SW-846, 3rd Edition, Final 
Update 11, Revision I, September 19 , Met 471A, "Mercury in Solid and Semi Solid Waste 
(Manual Cold-Vapor Techniqu~ . 

SUMMARY OF PROCED~ ~ ...._ 

Before analysis, allenal~~d quality control samples must be pretreated according to the 
references discusse ion 5.0. These digestions reduce organo-mercury compounds to 
inorganic meer. anic mercury is then converted to mercury in the Hg2+ state. All Hg2+ 
with an HCI c ier e rs a gas-liquid separatory where it is mixed with stannous chloride to form 
elementrr'! · or (Hg0

) according to the following equation: 

H~2+ vgo + Sn4+ 

3.2~ 1 . then flows into a liquid-gas separator where argon is introduced to carry the mercury 
o rough a drying tube. The dried mercury vapor then enters one path of a heated double-

pat optical cell that has been optimized for fast response time. A mercury source powered by a 
stant current power supply delivers a stable source of absorbance at 253.7 nm. Absorbance 

by the mercury vapor is measured using a solid-state detector with a wide dynamic range. The 
resulting signal is referenced to the simultaneous absorbance of the pure carrier gas flowing 
through the second optical path under identical conditions. 

3.3 Absorbance of standards is plotted against known concentrations to build a calibration curve. 
Absorbance of unknown samples are read against the calibration curve and regressed to 
concentration in ug/L. The mercury vapor is vented up a hood to minimize contamination of other 
samples. 

gr01123 5.8.doc 



SOP Name: Mercury by semi-Automated Cold-Vapor Atomic Absorption Revision Number: 5.8 
Date Revised: 9/9/11 
Date Initiated: 5/6/93 

EPA Method 245.1, SW-846 Method 7470A, SW-846 Method 7471A 
SOP Number: GR-01-123 page 3 of21 

4.0 

4.1 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

6.1 

PARAMETER OR COMPOUND LIST 

Mercury ~ 
REFERENCED SOPs ~ 
TriMatrix SOP GR-15-102, Laboratory Waste Disposal, latest revision Q 
TriMatrix SOP GR-01-140, Preparation Procedure for Mercury in&,, ~as ewater, and Liquid 
Wastes, latest revision V 
Tri~~trix SOP GR-01-139, Preparation Procedure for MASoils, Wastes, and Oils, latest 

rev1s1on / ~ v 
TriMatrix SOP GR-10-106, Inorganic and Metals Labvcorrective Actions, latest revision. 

TriMatrix SOP GR-10-123, Element Data Trans~view, latest revision 

TriMatrix SOP GR-10-111, Micropipe~¥ Calibration and Verification, latest revision 

TriMatrix SOP GR-10-125, Metho e'-l/::J .. _imit (MDL), latest revision . 

PSA 10.045 Milleniu:..____' 

10,1999 ~ 
lahad System User Manual, Issue Number 1.1, Issue Date July 

INTERFEREeD CORRECTIVE PROCEDURES 

Soil sarrC o~n contain mercury at low levels. When soils are mixed and ground, there exists 
t~ht~at liquid samples may become contaminated by dust from the air. Therefore, 
p. a areas for mercury must be kept free of dust and dirt. 

... ~- Mixing and grinding samples must be done in a fume hood for safety. 

6.2 ~mercury thermometer is broken anywhere in the laboratory, notify the metals laboratory so 
precautionary measures against contamination can be taken. 

6.3 Mercury may be lost if the digestion temperature goes above 95° C. The digestion temperature 
must be monitored and recorded with a digital thermometer on the digestion benchsheet. 

6.4 Reagents used may become contaminated over time. If contamination is suspected, the reagent 
must be discarded following proper laboratory disposal guidelines and fresh reagent made. 
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6.5 

6.6 

6.7 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

8.0 

8.1 

8.2 

Potassium permanganate is added to eliminate possible interference from sulfide as sodium 
sulfide. 

Copper interferes at concentrations above 10 mg/L. . \ . 

Samples high in chlorides and volatile organic materials require additional perm~n ~ 

Note: The maximum permanganate added to a sample in the digestion ba st be added 
to all associated quality control samples. 0 

SAFETY PRECAUTIONS 

manual and chemical hygiene plan. 

Concentrated acids are used. Disposable gloves, ~la and a laboratory coat must be 
worn at all times when handling concentrated acids. e afety glasses and laboratory coats 
must also be worn when handling digested s~~~~~ rforming any work within the metals 
laboratory. Refer to the MSDS located on the librv for information on any chemical used. 

Make sure the venting system is hooka~ing. Do not operate the instrument if it is not 
properly ventilated. 

Mercury lamps emit UV radiati~oi eking directly at the lamp without some type of strong 
UV protection. Failure to~o · p may cause very serious and immediate damage to the 
retina of the eye. 

Mercury exists in m i s a i:I is toxic in a variety of ways. Mercury vapor is toxic if inhaled. 
Mercury compounds be absorbed through the skin. Wear disposable gloves at all times. 
Elemental Hg0 n + are toxic if ingested. Always wash hands after handling mercury 
standards, sa les o reagents, and when leaving the laboratory. 

No foodCri~ is allowed in the metals laboratory. Food and drink may be consumed in the 
labo ~but not stored there . 

.AE~MJ~,s before starting work. Chemicals may be present on the skin that can interfere with 
c analysis. Wash hands before leaving the laboratory. Chemicals and acids may be on 

the kin that could eventually be ingested or passed on to a third party through casual contact. 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDURES 

Samples should be acidified at the time of collection to a pH of <2. If the pH is not <2 when 
received by the laboratory, lower to pH <2 during the sample receipt process. A minimum of 24 
hours must elapse after pH adjustment by the laboratory before performing the sample digestion. 

Store non...:aqueous and solid samples at 0 - 6° C. 
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8.3 

8.4 

8.5 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

INSTRUMENTATION, APPARATUS, AND MATERIALS 

Laboratory analytical balance capable of weighing 0.0001 g 

~pilj-~e er to the Equipment List located on the laboratory intranet library for a full 
escription of minimum and current instrument specifications. 

Refer to the Information Technology (IT) department's Computer Inventory Database 
for minimum and current computer and software specifications associated with the 
analytical instrument. 

9.11 Filter, 0.45 µm glass fiber 

10.0 ROUTINE PREVENTIVE MAINTENANCE 
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10.1 Check the calibration on autopipettors daily. Remove from service and send out for recertification 
when daily checks indicate unacceptable accuracy or performance. Perform an annual 
inspection to determine overall condition. 

10.2 Verify balance calibration daily. Remove from service and call for repair whe~~~ecks 
indicate unacceptable accuracy or performance. Recertify annually through a con service 
representative. . n 

10.3 Inspect the waste bottle under the instrument before starting. If the bottle~~erly dispose 
of the liquid. V 

10.4 Under normal co.nditions, the PSA requires very little maintenancni~ever, attention to the 
maintenance schedule below must be followed: V 
10.4.1 Daily: A 

10.4.1.1 Before shutting down, flush al'~~ 'Vie sample valve with laboratory 
reagent water. Finally, flush wv 

10.4.1.2 It may necessary to repl).. all .:bing. However, flushing of the sample 
valve must still take ~e~"Y 

10.4.1.3 Replacethepu~~uired. When in doubt, replace it. 

10.4.1.4 Ensure g ~s clean. When in doubt, clean it. 

10.4.1.5 Cl~I"! surfaces of the instrument. 

10.4.1.6 ~~hutting down, release any tension on the pump tubing. 

10.4.2 We~' 
r4~erform daily maintenance activities. 

~.2 Re~lace all pump tubing if not already replaced as part of the daily 
maintenance. 

~ ~ Monthly: 

"-J 10.4.3.1 Perform daily and weekly maintenance activities. 

10.4.3.2 Replace all pump tubing if not already replaced as part of daily/weekly 
maintenance. 

10.4.3.3 Check for discoloration in the Perma-pure drying system and replace as 
necessary. 

10.4.4 Six Months: 
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10.4.4.1 

10.4.4.2 

10.4.5 Yearly: 

10.4.5.1 

10.4.5.2 

10.4.5.3 

Perform daily, weekly and monthly maintenance. 

Replace the inner membrane of the Perma-pure drying syste::: l::ed. 

Perform daily, weekly, monthly and six month maintenan.D 

Change the inner membrane of the Perma-pure de"\if needed. 

Replace the activated charcoal in the exhaufj 

10.4.6 Cleaning: ~ 

10.4.6.1 Before undertaking any clean!a·n . nn t the main supply cable from 
the instrument. Cleaning is 0 o ended for the outer case. 

10.4.6.2 Clean with a damp cloth ~pong ich has been previously immersed in 
warm soapy water. Altern el suitable laboratory cleaning agent may 
be used. Avoid co~s a~ nts of liquid coming into contact with the 
instrument. r"'\, V · 

10.4.6.3 Finish off~·~n with a dry lint-free cloth or sponge. 

10.4.7 Wipe acid spi~0~ a able neutralizing agent IMMEDIATELY. However, be 
careful to avoi'. ~· olume of liquid coming into contact with the instrument. 

11.0 CHEMICALSAND~S 
11 .1 Acids used in e preparation and for samples must be trace metal grade or better. 

11.1.1 6ntrated hydrochloric acid, trace metal grade 

1~oncentrated nitric acid, trace metal grade 

11.~ ~Reagent Water from the MilliQ System. 

11.Non gas supply 

11.3.1 Welding grade or better. This is plumbed from a liquid argon tank located outside the 
building. Argon is used as the carrier gas during analysis. 

11.4 Stannous chloride, 2% solution in 10% hydrochloric Acid. 
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11.4.1 Place 20 g stannous chloride into a clean 1 l polyethylene bottle. Add 100 ml 
concentrated HCI and swirl until the SnCI is dissolved. Add 880 ml ASTM Type II 
water then cap and mix. 

11.4.2 Create a new standard number in ElementN when the stannous chloride l'!;~es 

12.0 STANDARDS PREPARATION D 
12.1 Refer to TriMatrix SOP GR-01-139 and SOP GR-01-140, for the eepa~ of mercury 

standards. G 
13.0 SAMPLE PREPARATION 

Refer to TriMatrix SOP GR-01-139 and SOP GR-01-~paration of samples by matrix. 13.1 

14.0 CALIBRATION PROCEDURES ""y 
14.1 A blank and five standards comprise the i~ ca~'¥on curve. Refer to TriMatrix SOP GR-01-

139 and SOP GR-01-140 for the prep"""~ration standards. 

14.2 Prepare a digested calibration~ day as digestates and use for quantitation. 

15.0 ANALYTICAL PROCED~' 
15.1 Analysts must b.e ~~he software's operation by reading the software manual and . 

through documente"rom an experienced analyst before proceeding. 

15.2 After running '°· at1on curve, analyze a continuing calibration verification (CCV). The CCV 
is prepafJ· :'g and recovery must be within 95 - 105% of the expected value for method 
referen 245. r within 90 -110% for method references 7470A and 7471A. 

1~ e CCV fails recovery, repeat the analysis. . 

...._ ~the second analysis fails, initiate corrective action: 

""-J 15.2.2.1 Adjust the gas flow if needed. 
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15.2.2.3 Check for other mechanical problems to verify the instrument is operating 
correctly. 

15.2.2.4 Remake and redigest the calibration standards if necessary. 
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15.2.2.5 Remake the CCV standard if necessary. 

Revision Number: 5.8 
Date Revised: 9/9/11 
Date Initiated: 5/6/93 

15.2.3 After resolving the problem, recalibrate the instrument and run the CCV successfully. 

15.2.4 Digestions may not be analyzed without an acceptable CCV. _ \ 

15.3 An.alyze a. second-source calibration verification (SCV) as a sa. mple. The scv~. .~om a 
second-source purchased standard and prepared at 3.0 ug/L. SCV recovery within 90 -

110%. 0 
15.3.1 If the SCV fails recovery, repeat the analysis. c; 
15.3.2 If the second analysis fails, initiate corrective action: 

15.3.2.1 Check to make sure the instrumentA. ope ing correctly. 

15.3.2.2 · Recalibrate. /,; V 
15.2.3 After resolving the problem, recalibra~e ~nt and run the SCV successfully. 

15.2.4 Digestions may not be analyzed ~ut¥ceptable SCV. 

15.4 Analyze a calibration blank (CCB) a~Y The mercury concentration found in the CCB 
must not be greater than the a~~ the reporting limit to be acceptable. 

15.4.1 If the CCB is hi~~~porting limit, reanalyze one time. 

15.4.2 If the sec~~ils, initiate corrective action .. 

15.4.2.1 he source of the contamination. 

15.'f :J~orrect. the contamination problem.. .· 

t:':4.~3 Repeat all associated sample digestions associated with the contamination 
~ V problem and/or narrate the contamination. 

15.~~ontract-required limit (CRL) standard at the beginning of each run. 

15. .1 A CRL is reanalysis of the digested 0.2 ug/L standard from the initial calibration curve 
as a sample. 

15.5.2 CRL recovery must fall within 50 - 150% of the expected value. If the CRL result is 
above the calculated MDL value but outside the control limits, narrate in the analytical 
batch as follows: 

15.5.2.1 

gr01123 5.8.doc 
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15.6 

15.7 

After analysis of the CRL, analyze a continuing calibration verification (CCV) standard. The CCV 
is the midpoint calibration standard analyzed as a sample. CCV recovery must be within .90 -
110% of the expected value. . \ 

15.6.1 If the CCV fails, reanalyze one time. ~ 

15.6.2 ff the CCV still fails, stop the analysis and initiate corrective action. ~ 
15.6.2.1 Check to make sure the Instrument is operating c~ 
15.6.2.2 Recalibrate. r ~ 
15.6.2.3 Reanalyze all digestates since the l~at ep~V. 

Analyze a continuing calibration blank (CCB). The ~er. . one tration found in the CCB must 
not be greater than the absolute value of the reporti 1m· o cceptable. 

15. 7 .1 If the CCB fails, reanalyze one time. '- ~ 

15. 7 .2 If the second analysis fails, initia~rrecY.ction: 

15.7.2.1 If a high level~ ~ing over, analyze the CCB until the system is 
clean then ~~ digestates run since the last acceptable CCB. 

di · es r since the last acceptable CCB. 
15.7.2.2 lf~o n use can be found, recalibrate then reanalyze all 

15.8 After the initial qual~co I ha passed, analyze up to 10 samples (including the high and low 
concentration blank en repeat analysis of the CCV and CCB. Repeat until all samples 
are analyzed. ~ 

Note: ~~estates before analysis. Solid matrix digestates must be filtered through a o..-. filter before analysis. 

15.9 ~w data to make sure each result is within the calibration range. If any result is above 
.... ~ 1 on range, mark the sample number and estimate a dilution factor. Make the dilution "'1::}"· digestion CCB that matches the sample reagent matrix then analyze within the calibration 

15.9 Verify the calibration after all samples hav~ been analyzed as follows: 

15.9.1 Analyze a final CCV successfully. 

15.9.2 Analyze a final CCB successfully, which concludes the run. 

16.0 CALCULATIONS AND DATA HANDLING 
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16.1 

16.2 

17.0 

17.1 

17.2 

Collect data from the instrument and transfer to the laboratory information management system in 
accordance with TriMatrix SOP GR-10-123. 

Duplicate measurements are taken and recorded for each sample. The average.::: t two 

:::::~::::: :N:e :::~::BLES o~ 
Analysts running samples are responsible for correctly filling G. a ·n and filing all 
associated paperwork. It is essential to perform these tasks for t labo tory to provide clients 
with defensible data. · 

LIMS Reporting A 
17.2.1 When finished running a .sample set, a.l~t~~e uploaded to Element™. the 

Laboratory Information Management Syste I in accordance with TriMatrix SOP 

GR-10-123. '" ~ 

17.2.1.1 To export a data set~ th¥rument for LIMS uploading with DataTool, 
click on the red 'V 

17.2.1.2 

17.2.1.3 

"browse" then select the "groups\lab.me\export 

acl< sh (\) and type the data set filename (include ".res" on the 
r example, to export dataset y17wta2, the path appears as 

s\la _me\exportdata\216\y17wta2.res"~ 
'11111!' ...... 

17.2~ · k "OK" to export the data. . 

17.2.2 e~ chain-of-custody is required, it is very important that coc forms be filled 
. ectly and returned to the COC file location. Refer to Attachment 23.5 for an 
~ le COC form. 

17.~~equired Paperwork 

· 17 .. 1 Data backup logbook and maintenance logbooks must be filled in completely and 
correctly. All corrections must be made in indelible ink. Corrections must be made 
with a single lineout, which is dated and initialed. Writeovers are NOT 
acceptable. Erroneous results must remain legible. A new result is placed near the 
incorrect result. Blank lines in logbooks must be Z'd out. 

18.0 QUALITY ASSURANCE 
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18.1 

18.2 

18.3 

All quality control data must be maintained and available for easy reference or inspection. In 
addition to quality control already discussed, the following requirements apply. Corrective action 
must be taken for unacceptable quality control results based on instructions given in this 
procedure, and in TriMatrix SOP GR-10-106. ~ 

Dilute and reanalyze all digestates having concentrations greater than the highe ard on 
the analytical curve. ~ 

For aqueous samples, include a minimum of one digestion blank (BLK)~ k spike (BS) 
with each batch of up to twenty samples. For solid samples, include a imu f ne digestion 
blank (BLK) and one BS with each batch of up to twenty se T BLK monitors 
contamination and carryover while the BS monitors digestion effici cy b e on recovery. The 
BLK and BS must be carried through every step in the digestion an trati procedure. 

18.3.1 A BLK is an aliquot of laboratory reagent wat~ige d as a sample. Any mercury 
found in the BLK must be at a conce~tr · ss an the reporting limit to be 
acceptable. 

18.3.2 A BS is the BLK spiked with a known ~cen~ · of mercury. . 

18.3.2.1 Calculate BS recoveif 

Percent R~co e . x 100 
Quantity 

wh~ - The analyzed concentration of the BS after spiking in ug/L 
or mg/kg 

Spike 

uantity = The concentration spiked into the BS in ug/L or mg/kg 

18.~ ry of the BS must be within 85 - 115% of the expected value for 

Cl
. '-.J2iethod reference 245.1 and within 80-120% formethod reference 7470A 

and 7471A. 

18.4 M~trix nd matrix spike duplicates are a sample spiked with a known mercury 
c n. Prepare and analyze one matrix spike (MS} and one matrix spike duplicate (MSD) 

ch batch of up to twenty samples. The matrix spike monitors digestion efficiency in the 
ific sample matrix. A matrix spike duplicate is a replicate of the matrix spike using the same 
pie and monitors precision within the sample matrix. 

18.4.1 Calculate matrix spike recovery as follows: 

C Spike - C Ori 
Percent Recovery= g x l 00 

Spike Quantity 

where: 
Cspike = The quantitated MS concentration in ug/L or mg/kg 
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Cong = The unspiked sample concentration in ug/L or mg/kg 
Spike Quantity = The spiked concentration in ug/L or mg/kg 

18.4.2 Calculate precision between two spikes using the following equation: 

CMSD -CMS Relative Percent Difference = x 100 
CMSD +CMS 

2 

where: 
CMso = The MSD concentration as read from the instru 
CMs = The MS concentration as read from the instrume 

18.4.3 Matrix spike recovery must be within 80 - 120~of t expected recovery for method 
reference 7470A/ 7471A and 70 - 130%~m od ference 245.1. MSD relative 
percent difference must be :5:20%. 

18.4.4 If MS/MSD criteria fail, reanalyze on'-. If t~ cond attempt fails, initiate corrective 
action: V 
18.4.4.1 Verify the instrur""\ ¥ing correctly. 

18.4.4.2 Verify al~o ~ntrol is acceptable. 

18.4.4.3 Re%:~ s pie and MS/MSD and/or narrate in accordance with 

Tri~~~ GR-10-106. 

18.5 Calculate CRL reco~llows: 
~ Percent Rec ery = x l 00 

ike Quantity 

w~~CJ 
C = The analyzed CRL concentration in ug/L 

uantity = The CRL concentration (0.2 ug/L) 

18. Method of Standard Additions (MSA) 

18.6.1 Use the method of standard additions for all TCLP extracts having 50% or less matrix 
spike recovery AND when the leachate concentration is within 20% of the mercury 
regulatory limit (0.16 - 0.20 mg/L) but not over it. 

18.6.2 Use the method of standard additions on samples from at least one waste stream of an 
F-waste delisting petition project. If Section 18.6.1 is not met however, apply the 
method of standard additions to all samples in the delisting. 
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18.6.3 Standard addition involves adding known mercury concentrations to three sample 
aliquots. These aliquots are digested and analyzed. The unspiked sample 
concentration and three spiked aliquots are used to construct a linear regression curve. 
The curve is extrapolated to find the point where it crosses the x axis. ~h absolute 
value of this point is the sample mercury concentration. 

18.6.4 Prepare three matrix spikes at 50%, 100%, and 150% of the merRnce ation 
found in the sample. Final volumes must be the same for each. 

18.6.5 Digest and analyze to obtain mercury results for each (in ~/l). s ng the MSA 
regression spreadsheet located on the library drive~ac· · network, plot 
absorbance vs. concentration in ug/L. Construct a linea urve. 1 out forcing through 
the origin. The extrapolated x-intercept point is the sam mer ry concentration. An 
example of an MSA plot is shown in Attachm~e.4. results to be valid, the 
following limitations must be taken into consider n: · 

18.6.5.1 The regression curve must be~e w1 correlation coefficient of ~0.995 
and with a slope less than ore to % of the external calibration curve 

slope. "" ~ 
18.6.5.2 The chemical form ~e m~ added must respond the same way as 

the mercury in MY 
18.6.5.3 The int~e· ~ must be constant over the working range of 

concern · 

18.6.5.4 Th~ . standard additions will not cOfrect for additive interference. 

19.0 DEMONSTRATIO~ABILITY/METHOD VALIDATION 

19.1 Before actual analysis, each analyst must demonstrate an ability to generate acceptable 
accurac~g;n by running an Initial Demonstration of Capability (IDC) study. A 
Continui g De nstration of Capability (CDC) study is also required annually. 

1~~1 1al Demonstration of Capability (IDC) Study 

... '~9.1.1.1 Prepare four second-source blank spikes at a concentration of 2.5 ug/L. v Digest, filter and analyze following every step in the procedure. 

gr01123 5.8.doc 

19.1.1.2 Input the four results to the IDC spreadsheet located on the laboratory 
intranet library. 

19.1.1.3 Average percent recovery must fall within 85 - 115% recovery for method 
reference 245.1 and 80 - 120% for method reference 7470A/7471A. 
Standard deviation of the average must be :::;20% RSD. 
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19.1.1.4 If either criterion is not met, locate and correct the source of the problem 
and repeat the study. Repeated failure however, will confirm a general 
problem with the procedure or techniques used. If this occurs, locate and 
correct the source of the problem, document changes to : (ure 
and/or techniques used then repeat the study successfully. . · 

19.1.1.5 Samples may not be analyzed by any analyst until a~nstr n of 
capability study has been successfully completed. 

19.1.1.6 Give a copy of successful IDC spre.adsheets andew d ·a o the quality 
assurance department for training documentaf't ~ 

19.1.2 Continuing Demonstration of Capability (CDC) Study V 
19.1.2.1 The demonstration of capability stuAe repeated annually. 

19.1.2.2 The CDC may be accomplish~ I~ following ways: 

19.1.2.2.1 By repeating~li¥ 
19.1.2.2.2 By usin~i I~ results from an MDL study performed 

exc~ analyst during the course of routine sample 
an sis. n the last four results may be used. 

19.1.2.2~ four consecutive blank spike results run during the 
~. ~tJJ'se of routine sample analysis, exclusively by the analyst. 

~£~ By successfully and exclusively analyzing a single-blind 
performance testing sample during the course of routine 
sample analysis. 

19.2 A method det~it (MDL) study must be completed annually in accordance with TriMatrix 
SOP GR( ~~h digestion procedure. . 

20.0 P~~EVENTION 
20.l ~inventory of all chemicals used in the laboratory to monitor their use. 

20.:Yer dispose of laboratory chemicals without first referencing appropriate written instructions of 
disposal for that particular material. 

20.3 Conserve the use of chemicals where applicable. 

20.4 Comply with all environmental laws associated with chemicals in the laboratory. 

21.0 WASTE MANAGEMENT 

gr01123 5.8.doc 
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21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 
Material Safety Data Sheets are located on the laboratory intranet library. 

21.2 To minimize the environmental impact and costs associated with_ the disposal of ch:;ic~ order 
and use only the minimum amount of material required. 

21.3 Follow all instructions in T riMatrix SOP GR-15-102 for laboratory_ waste dispos~rements. 

22.0 REFERENCES . . &to 
22.1 Test Methods.for Evaluating Solid Waste, Physical/Chemical Meth , S 846, ;fd Edition, Final 

Update II, Revision 1, September 1994, Method 7470A, "~in d Waste (Manual Cold-
Vapor Technique)" 

22.2 Methods for the Determination of Metals in Enviro~· I pies, Supplement I, May 1994, 
Revision 5.4, EMMC Version, "Determination of u in Water by Cold Vapor Atomic 
Absorption Spectrometry", Method 245.1, Revi5'.. 3.0, ~ , 1994 

22.3 Test Method for Evaluating Solid Waste, ~i~~/¥nical Methods, SW-846, 3rd Edition, Final 
Update II, Revision I, September 199MV1A, "Mercury in Solid and Semi Solid Waste 
(Manual Cold-Vapor Technique)" v 

23.0 ATTACHMENTS 

23.1 

23.2 Sample ldentificatio hing Sheet Example - Aqueous 

23.3 MSA Curve Ee 
23.4 Internal Cn-~-Custody Example · 

23.5 ~'J,ation and Weighing Sheet Example - Solid 

~ 
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Attachment 23.2 
Sample Identification and Weighing Sheet Example - Aqueous 

,A TriMatrix 
f91aboratories, Inc. 

Metals Laboratory Instrument Run Sequence Hg Aqueo 
lnstrumentll: _______ ..:2:..;.1..;;.6 ______ _ 

Da~=----------------
Ana~st _______________ _ 

snc111: _______ 8_11~0..;;.20~1---..--.,.--

Standards/SCV prepped dally 
Autosampler Position: 

1. BLK/ICB/CCBl8050775 5. STD4/CCV•'2.0 ugll 8050780 

2. STD11CRUO 2 ugll 8050776 6. STD5i5.0 ugil 8050781 

3. STD2/0.5 U!i!!l 8050777 7. SCV/3.0ug/l8100311 -
4. STD3/1.0 ugll 8050778 4T ..... - -Dilution 

.. /Y ID Initial Final 
Dilution Position# Volume Volume Position #

1 (mL) (mL) 
Factor 

11 45 ' I 
12 ... 48 ....,, 
13 ,7 ~ 

14 . 41 Ill" 
15 - I'°' .. 
16 , ... °"so 
17 I 11 51 

18 -- " I 62 

19 ~ I - 53 

20 .... ~ - 54 

21 I ' 65 

22 ~ "fll 56 

23 ... i.... 57 

24 ' .. 58 

25 -~ .... 59 

26 
_ ... .. - 60 

27 T ., 
' 81 

28 I l 82 

29 
_ ..... 

.4 63 

30 I - 54 

31 ll 11 65 

32 , ...... I 66 

33 - ' - 67 

34 .... - 68 

'11 ' 69 

.... 36 '~ 70 

,37 I 71 ..... , 72 

39 73 

40 74 

41 75 

42 76 

43 77 

44 78 

Initial 
Volume 

(mL) 

Dilution 

Final 
Volume 

(mLI 

5.8 
9/9/11 
5/6/93 

Dilution 
Factor 

Hg_AQxls revision: 1 0 
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Attachment 23.3 
MSA Curve Example 

.., 
§._.___~~~~-..,,__,.,.,, 
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-e 
~ 

..= 
<!'.'. 

AddnO 
NoAddn 

Addn I 
Addnof50% 
of Expected 

Amount 

Addn2 
Addnof 100% 
of Expected 

Amount 

Concentration 
Addn3 

Addnof 150% 
of Expected 

Amount 
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CLllMT: 

SUBrlITT Ill.: n.v 7 a. 8, 2003 Soi ho 

l'•r•-Wr-: l'IEJICURT, TOTAL 

BAnf'l.E • R£l10Ulll) ""' '. 
<Sl°"".TURE TURE~l, 

3313:!2 ~~-
331323 _JJ65_ ___ _ 

331324 __ y5S ------

3313:!:5 ---~--------
3313'!6 µ$ --------
33132'7 ___ U!;5,_ ____ _ 

3313:?8 ---~-,.------
331329 __ .!!SS _____ _ 

331330 --~----

331331 '----1"9>----
33133;? ___ _!J..~-;2 ________ _ 

331333 ___ M52 -----

331334 --~---
331335 _ ___µ..$ ____ _ 

331336 --MG~----
331337 W":h ----

gr- 5.8.doc 
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Attachment 23.5 
Sample Identification and Weighing Sheet Example - Solid 

5.8 
9/9/11 
5/6/93 

· n a · . . ~ 
Laboratorles, Inc. l 

Metals La~~l'"atory lnstl'"ument Run Se:!~=1e~ce Hg Soli~ ~, 
Instrument #: 

Date: Calibration BLKllCBICCB: 0.5% HNO~OT#AI08080 
Analyst: Std/SCV prep date/analyst ~ 

Sn Cl#: 8110207 .,........... ....... 
Standards/SCV prepped daily 

~U 
,,. 

Autosampler Position: 
1. BLK/ICBICCB/8050782 5. ST04/CCVl2.0 ug/L 8050789 

2. STD11CRUO 2 u~L 8050764 8. STD515.0 U!i!L 8050790 · • ... 
3. STD2/0. 5 ug/L 8050786 7. SCV/3 0 ug/L 8100310 ... • 
4. STD311.0 ug/L 8050788 -- ~ Dilution 

A~ 
Dllutlon 

ID Initial Final DUuUon Initial Final 
Dilutlon Position# Volume· Volume Position 'If. Volume Volunie 

(mL) (mL) 
Factor 

(mLI (mL) 
Factor 

11 4• , ..... ~ 
12 41 I 

..., 
13 47 ..... I 
14 ... 48 

......,.. 
15 ,49 .. 
16 ._ I.I 
17 ... }1 

18 ..... ' .lf;2 

19 I ......... 53 

20 .. • 54 

21 - .... • 55 

22 I l - 56 

23 ...... 67 

24 I .... 68 

25 ""' ' 59 

26 ..... T .. 80 

27 ..... ... 61 

28 - ' 52 

29 ' --- 63 

30 ~ .. 64 

31 • ' ~· 65 

32 .. I 55 

33 - ..... .I 57 

34 • ... - 68 

35 & • I 69 

36 '"-.. .I 70 

31 

~' 
-· 71 

3S 72 .... 73 

& 4a .. ' 74 

' 41 11 75 

"'" • 76 

""Z! T7 
44 78 

Hg_sohd.xJs revision: 1.0 
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1.0 

1.1 

1.2 

2.0 

2.1 

3.0 

3.1 

3.2 

3.3 

SCOPE AND APPLICATION 

This procedure is applicable to the block digestion of metals in sediment, sludge, soil and RCRA 
waste for ICP and ICP-MS analysis. 

As the digestion does not attack silicate-bound metals, the procedure is not a •~•~ 1 \igestion 
technique for many samples. .,{) ~ 

PRINCIPLE METHOD REFERENCES A~ 
Test Methods forEva/uating Solid Waste, Physical/Chemical Meth6o~. 3d Edition, Final 
Update Ill, Revision 2, December 1996, Method 30508, "Acid Di estio f Sediments, Sludge 
and Soils" 

2.1.1 This procedure uses a 50 ml non-constricted ~stion cup as a deviation from 
method 30508, which specifies a 250 ml ~la ~vessel. 

2.1.2 This procedure describes the use of 0. .5 dry weight as a deviation from 

2.1.3 

method 30508, which specifies the~ of-~ dry weight for digestion. However, 
acid ratios are maintained. V 
This procedure describes ~~ .. s~f the extra digestion step for antimony, tin, 
silicon and sometimes silv as ~~~on from method 30508, which specifies an 
optional digestion st~ve antimony, silver, barium and lead recovery. 

SUMMARY OF PROCED~·' 
Homogeneous and ~~nt, sludge and soil sample is weighed directly into a block 
digestion cup. 

Samples are t n di with repeated additions of nitric acid then hydrogen peroxide. 

, ydrochloric acid is used. If digesting for ICPMS, hydrochloric acid is not 

3.5.2 Samples are then digested with nitric acid and hydrochloric acid. 

3.5.3 All digestates are filtered then the residue is washed with hot hydrochloric acid and hot 
laboratory reagent water to increase recovery. 

4.0 PARAMETER OR COMPOUND LIST 

gr01137 1.7.doc 
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4.1 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

This procedure includes digestion for the following elements and instrumental techniques: 

ICP ICPorlCPMS 
Aluminum Silicon Antimony Chromium Nickel 
Calcium Sodium Arsenic Cobalt 

Iron Strontiu 
m 

Barium Copper 

Lithium Titanium Beryllium Lead 
Magnesiu 

m Boron Manganese 

Potassium Cadmium 
Molybdenu 

m 

REFERENCED SOPs /}). 

TriMatrix SOP GR-15-102, Laboratory Waste Dispo~vevision 

TriMatrix SOP GR-01-100, Inductively Couple~las.~ Atomic Emission Spectrometry using 
Perkin Elmer Optima 3000!3300DV, latest ~iony 

TriMatrix SOP GR-01-129, lnductiv.e1~V.sma-Mass Spectrometry PerkinElmer ELAN-
600016100, latest revision 

1

V 
TriMatrix SOP GR-10-106~1n ~. · Metals Laboratories Corrective Actions, latest revision 

TriMatrix SOP GR-09-1 , il'~en~ation, Grinding and Drying of Solid Samples, latest 
revision ~-

TriMatrix SOP ~~boratory Balance Calibration and Verification, latest revision 

TriMatrix SOP~ 11, Micropipette!Macropipette Calibration and Verification, latest revision 

TriMatriCP ~. R-16-103, Glassware Cleaning and Preparation for Wet Chemistry and Metals 
Labo ~st revision 

P GR-10-125, Method Detection Limit (MDL), latest revision 

6.1 Refer to TriMatrix SOP GR-01-100 for a list of interferences and associated corrective actions 
when digesting for ICP analysis. 

6.2 Refer to TriMatrix SOP GR-01-129 for a list of interferences and associated corrective actions 
when digesting for ICPMS analysis. 

6.3 Some sludge matrices may not be applicable to this procedure. 

gr01137 1. 7.doc 
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7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

8.0 

8.1 

8.2 

9.1 

9.2 

9.3 

9.4 

SAFETY PRECAUTIONS 

Wear a laboratory coat and approved safety glasses while in the digestions l~aor tory. In 
addition, disposable gloves must be worn whenever samples or reagents are handled. 

Plan. 
Follow all instructions outlined in the TriMatrix Laboratory Safety Manual and~ica iene 

For laboratory waste disposal, refer to TriMatrix SOP GR-15-102. 0 
The total toxicity and/or carcinogenicity of reagents used in thrr"o~ have not been 
precisely defined. V 
7.4.1 Treat all chemicals as a potential health hazard(;) 

7.4.2 Reduce exposure to the lowest possibl~ee a erence to established safety 
policies. 

7.4.3 Material Safety Data Sheets are mai~~df~ e laboratory intranet of all chemicals 
used in this procedure. Consult the M~ detailed chemical information. 

Waste samples can be highly toxic a~ ,;eat any exposure as a potential danger and 
immediately decontaminate the expo d s~Yc~1ean waste-contaminated personal protective 
equipment before using again. 

Bring all safety issues to t~e Area Supervisor and/or Health and Safety Officer. 

SAMPL.E SIZE, co~~~RESERVATION AND HANDLING PROCEDURES 

Samples are ty · · eived by the laboratory in 500 ml sample jars. 

of s d sample for analysis and quality control in accordance with TriMatrix SOP 
ger sample aliquot to obtain at least 30 g for low-solids sludge. 

Micropipette, capable of delivering 250 µL 

Block digester for metals digestion, Environmental Express, HotBlock ™.model SC154 

Block digestion cups, 50 ml, certified pre-cleaned and calibrated, Environmental Express, 
catalog SC475 

Ribbed watchglass, disposable, Environmental Express, catalog SC505 

gr011371.l.doc 
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9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

9.11 

9.12 

10.0 

10.1 

10.2 

10.3 

11.0 

11.1 

11.2 

11.3 

Filtermate ™. Environmental Express, catalog SC0501, for digestate filtration 

Non-ribbed watchglass, disposable, SCP Science, catalog 010-500-081 

Thermometers, NIST-traceable, digital, capable of reading to at least 100° ~1° C 

::::::alance, capable of weighing to 0.0001 g o~ 
Filter paper, Whatman no. 41 or equivalent 

PTFE sieve, USS #10 CJ 
Volumetric flask, 50 ml, type A A, 
Filterfunnels /~V 

ROUTINE PREVENTIVE MAINTENANCE '" y 
Verify and document micropipette calibrati~ ac¥nce with TriMatrix SOP GR-10-111. 

Clean the block digester and counter~Y.pm occurs. 

Calibrate the analytical balan~ with TriMatrix SOP GR-10-113. 

CHEMICALS AND~ 
Laboratory reagent . :rM Type II), MilliQ water system 

Nitric acid (H 3), c c trated, trace metal grade 

3 as follows: 

Carefully measure 5 ml of HN03 to 95 ml of laboratory reagent water. 

11.4.2 Prepare fresh daily. 

11 .5 Hydrochloric acid (HCI), concentrated, trace metal grade 

11 .6 Hydrogen peroxide (H20 2), 30%, ACS grade 

gr01137 1. 7.doc 
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12.0 

12.1 

12.2 

12.3 

13.0 

13.1 

STANDARDS PREPARATION 

Multi-element spiking solutions are purchased as commercially prepared solutions. 

Refer to Attachments 20.1 and 20.2 for ICP spiking solution examples. \ 

Refer to Attachments 20.3 and 20.4 for ICPMS spiking solution examples. n ~ 
ANALYTICAL PROCEDURE o" 
Sediment, soil and sludge digestion is as follows: ~ 

13.1.1 Preheat the block digester and adjust the temperature s · of 5% (v/v) nitric acid 
is maintained at 85° C. The addition of a wat30ch at 8 C adds 10 degrees and 
maintains the digestion at 95° ±5° C while reflu g. 

13.1.2 Mix and/or grind dried sample thorou~s through a USS #10 sieve if 
necessary. For each sample, transfer 0.5 .5 to a block digester cup. For best 
results, weigh sample directly into ~ed ~ ter cup at the balance. Record the 
actual mass used. V 

13.1.3 For all digestions, add 5.0 a·~ 'v'_; HN03. Co. ver with a non-ribbed watchglass 
arid reflux in the block dige r a~¥ C for 15 minutes. Do not boil. 

13.1.4 After 15 minutes, re~o digester to cool then measure 2.5 ml concentrated 
HN03 into each c . . with a non-ribbed watchglass. Reflux for 30 minutes. 
Repeat this ste ad 2.5 ml acid volumes and refluxing until brown fumes are no 
longer given . n f es indicate the digestion is not yet complete. 

13.1.5 complete, change to a ribbed watchglass and evaporate to 
~llllliil~~'-2.5 ml. Do not boil or let any part of the digestion cup bottom go dry. 

s pie digestion in which the digestion cup goes dry. Boiling should not 

G
.f the lock digester is properly adjusted. 

1~.1. the volume is approximately 2.5 ml, remove and cool to room temperature. It is 
mportant to have digestates at room temperature to avoid splattering when 

dding hydrogen peroxide. Add 1.0 ml of laboratory reagent water and 1.5 ml of 30% 
202 slowly. Let any initial reaction occur without heat. 

13 .. 7 Reduce the block temperature by 10° C to control excess effervescence while still 
maintaining enough heat to maintain the peroxide reaction. Cover with a non-ribbed 
watchglass and return to the block digester, heating until any reaction stops. If 
effervescence becomes so vigorous that splattering is immanent, control by lifting from 
the heat until it subsides. Do not let digestate overflow the digestion cup as analyte will 
be lost. Repeat the digestion if overflow occurs. 

13.1 .8 For samples that continue to react, carefully add. another 1 .0 ml of 30% H20 2. Do not 
add more than a total of 5.0 ml. Repeat until no further reaction occurs or until the 
maximum 5.0 ml volume has been added. 

gr01137 1.7.doc 
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13.2 

13.1.9 

13.1.10 

13.1.11 

13.1.12 

After the H20 2 digestion is complete, cover with a ribbed watchglass and again 
evaporate to 2.5 ml. Do not boil or let the bottom of any digestion cup go dry. 

After reducing the volume, remove from the heat and cool to room temperatu e again. 
For ICP sample analysis only, add 5.0 ml of concentrated HCI. Cover wi 
ribbed watchglass and reflux at 95° ±5° C for 15 minutes. Skip this step i 
is for ICPMS analysis. ~ 

Cool to room te.mperature, dilute to 50 ml with laboratory reat r then use a 
Filtermate ™ for removing particulates. 

13.1.11.1 Perform the filtration slowly with little pressurQ plunger. 

13.1 .11 .2 If excessive backpressure occurs, stop filteri an et the digestate settl~ 
out before continuing. Applying ~o ch pr sure to the Filtermate 
plunger can cause the filter to fail a ing rticulates into the filtrate. 

13.1.11.3 Do not rinse the filter since th~aJf~ has already been measured. 

Samples are ready for analysis after fi erin~ 

13.2.2 Mix and/or ·ed ample thoroughly, passing through a USS #10 sieve if 
eac ample,. transfer 0.5 - 0.55 g to a block digester cup. For best 

results, le directly into a tared digester cup at the balance. Record the 

actug ed. · 

13.2.3 Cl. d .25 conce·ntrated HN03 and 5.0 ml concentrated HCI. Cover with a non-
1 e hglass and heat at 95 ±5° C for 15 minutes. Do not boil. 

1~.2. . 5 minutes, filter through Whatman no. 41 filter paper, collecting the filtrate in a 
0 ml volumetric flask. Wash the filter paper while still in the filter funnel with no more 
an 2.5 ml of hot (95° C) concentrated HCI ttien with 10 ml of hot ASTM Type II 

water. Collect all washings in the same 50 ml volumetric flask . 

.4 Return the filter and residue to the digestion cup. Add 2.5 ml of hot (95° C) 
concentrated HCI. Return to the block digester with a non-ribbed watchglass and heat 
at 95 ±5° C until the filter paper dissolves. Remove from the digester. Rinse the 
watchglass and digestion cup sides with laboratory reagent water. Filter again and 
collect the filtrate in the same 50 ml volumetric flask. Let the filtrate cool to room 
temperature in the flask then dilute to volume with laboratory reagent water. 

13.2.5 High concentrations of metal salts may precipitate upon cooling. If precipitation occurs, 
do not dilute to volume. Instead, add up to 5.0 ml of concentrated HCI to dissolve the 
precipitate. After the precipitate dissolves, dilute to volume. 

gr01137 1.7.doc 
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13.2.6 After diluting to volume, digestates are ready for analysis by ICP (tin) or ICPMS 
(antimony). 

14.0 

14.1 

DATA REPORTING AND DELIVERABLES . d • 
Work orders are printed out by the Laboratory Information Management ~ (Element ) 
indicating which samples need digestion. '" 

14 .1.1 lnltial and date any hand-written information on the work order e 
14.1.2 Organize and archive all work order forms in accordaCwi~ the TriMatrix quality 

assurance manual. V 
14.2 

14.3 

Completion of each sample with all quality control isA back into Element™ and a 
preparation batch report is printed. /,; v 
14.2.1 Enter all information associated with the di~fore printing. 

14.2.2 The preparation batch report acc~~ni.,: the sample digestion batch to the 
instrumental laboratory. '-. ~"Y 

14.2.3 Initial and date any hand-wiA"Von on the preparation batch report. 

14.2.4 Organize and arch.~tion batch report forms in accordance with the 

TriMatrix quali~ty~~-~ :ual. · 

Maintain the use of al ta rds and reagents in Element™ for traceability. Certificates of 
analysis are maintained the oratory intranet library for each standard and reagent used. 

14.4 

14.5 

is 

14.8 Silicon digested by this procedure must be reported and/or narrated as being "recoverable 
silicon" since most soil silicates are not digested by the acids used. 

15.0 QUALITY ASSURANCE 

gr011371.7.doc 
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15.1 At least one digestion blank (BlK) must be carried through the entire digestion to monitor 
contamination with each digestion batch of up to 20 samples. Prepare the blank by digesting an 
empty digestion cup as a sample and using the maximum acid additions and digestion steps 
used in the digestion batch. 

15.2 At least one blank spike (BS) must be carried through the entire digestion to docu~~~·'~covery 
without matrix interference in each digestion batch of up to 20 samples. Prep~a~~s as 
follows: 

15.2.1 For ICP digestions, measure 5.0 ml 1: 1 (v/v) HN03 into a digeen d spike with 
250 µl each of standards SSW-1 A and SSW-SSS-2A. Perfor the di stion using the 
maximum acid additions and digestion steps used in the s~ . 

15.2.2 For ICPMS digestions, measure 5.0 ml 1 :1 (v/v) HN03 i a estion cup and spike 

maximum acid additions and digestion steps us in tti sample batch. 
with 20 µl each of standards HP solutions A a~Perfo the digestion using the 

15.3 At least one matrix spike (MS)./matrix spike duplicattf be prepared for each digestion 
batch of up to 20 samples to monitor matrix recovery pr ision. Perform a MS/MSD for each 
matrix being digested (sediment, soil, sludge or~now~ . 

15.3.1 For ICP matrix spikes, measure~-o".M""of dried sample into.a digestion cup and 

digestion using the same id a i s and digestion steps used in· the un-spiked 
spike with 250 µl each e d SW-1A and SSW-SSS-2A. Perform the 

sample. · 

15.3.2 For ICPMS matrix ~sure 0.5 - 0.55 g of dried sample into a digestion cup 
and spike with l e . of standards HP solutions A and B. Perform the digestion 
using the~a ac1 ddit ns and digestion steps used in the un-spiked sample. 

15.4 Digestates must n · ring the evaporation step. If a digestate begins to boil during 
evaporation, i§" remove from the block and reduce the temperature. Some boiling will 
be evident du g th e x step. However, vigorous boiling during reflux will diminish the water
acid az!Jetr nd c se loss of analyte. If a digestate begin to boils vigorously during refluxing, 
immedi y re rom the block and reduce the temperature. If boiling during evaporation or 
:~ilin during refluxing is not immediately addressed, discard and the re-prepare the 
samp samples affected. Monitor the block temperature closely to minimize re-

15.a. ~ mmercially purchased spiking solution must be used within its expiration date. If a 
~ard or solution has expired, remove it from the laboratory for proper disposal. 

15.6 If a sample evaporates to dryness, some metals will be volatilized. If any portion of the digestion 
cup bottom goes dry, discard the digestate and re-prepare the sample in another batch. 

16.0 DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

16.1 Before processing actual samples, each analyst must demonstrate the ability to generate 
acceptable accuracy and precision by running an Initial Demonstration of Capability (IDC). 
Analysts responsible for sample processing by this procedure must pass an IDC study first. 

gr011371.7.doc 
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16.1.1 Initial Demonstration of Capability Study 

16.1.1.1 Spike four digestion cups as in a blank spike preparation. Diges the four 
spikes following every step in this procedure and obtain analysis suits for 
the four blank spikes. Analysis of the spikes must also incl ry step 
in the analytical procedure. Enter all four results obtii "nto · IDC 
spreadsheet located on the laboratory intranet library t ale ate average 
percent recovery and relative standard deviation.~a e~overy must 
fall within the blank spike control limits found · e . Relative 
standard deviation must be less than or equal to 2 . o. 

16.1.1.2 Alternatively, the last four of seven results 1Cn! MDL study may be 
used as the IDC, if the MDL study was r~ively by the analyst. 
ONLY the last four results may be u~ 

16.1.1.3 If either criterion is not met, loc co ct the source of any problem 
and repeat the study to co m e rective action was successful. 
Repeated failure however, co m a general problem with the 
procedure or technique~e~~ multiple failures occur, correct the 
procedure or techniques u..,v repeat the study. 

16.1.1.4 Samples may no '--e-....,:d by any analyst until an IDC study has been 
successfully mpl~'"V Give copies of successful IDC study 
spreadshee d data to the quality assurance department for 
training 

16.1 .2 Continuing De~tr~ of Capability Study 

16.1.2.1 ~~a~ Continuing Demonstration of Capability (CDC) study is 
· by each analyst 

16.102 DC may be accomplished by repeating the IDC study, by using the last 
our results from an MDL study, or by using four consecutive and 

CJ exclusively run blank spike results obtained from routine sample analysis 
since the IDC study was completed. Alternatively, successful completion 
of an exclusively digested performance testing study result run since 
completing the IDC may be used. 

.... ~ 6.1.2.3 Process CDC data using the same demonstration of capability V spreadsheet and in the same manner as the IDC. 

16.2 A Method Detection Limit (MDL) study must be performed in accordance with TriMatrix SOP GR-
10-125, including quarterly verifications. 

17 .0 POLLUTION PREVENTION 

17.1 Maintain an inventory of all chemicals used in the laboratory to. monitor their use. 

17.2 Never dispose of a laboratory chemical without first referencing appropriate written instructions of 

gr011371.7.doc 
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disposal for that particular material. 

17.3 Conserve the use of chemicals where applicable. 

Revision Number: 1.7 
Date Revised: 10/18/12 
Date Initiated: 2/6/01 

17.4 Comply with all environmental laws associated with chemicals in the laboratory. ~ 

18.0 WASTE MANAGEMENT ~ 
18.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposiA~cals. 
18.2 To minimize the environmental impact and costs associated with ~osal, order and 

use only the minimum amount of material required. 

18.3 

19.0 REFERENCES / ~ "\., 
2.1 Test Methods for Evaluating Solid Waste, Phy~· l/C~Methods, SW-846, :fd Edition, Final 

Update Ill, Revision 2, December 1996, Metho 5 , "Acid Digestion of Sediments, Sludge, 
and Soils" . · · w 

20.0 ATTACHMENTS 0 
·20.1 ICP Spiking Solution SSW-1 · . f Analysis Example 

20.2 

20.3 ICP/MS Spiking So rtificate of Analysis Example 

20.4 ICP/MS Spiki~n Certificate of Analysis Example 

20.5 Work Or r t~ample 
20.6 

gr011371.7.doc 
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1.7 
10/18/12 
2/6/01 

ICP Spiking Solution SSW-1A Certificate of Analysis Example 

-~-------~------·-·-···-···-·····---- ···-·· ... ··--····-·········· .. - -······· ···-·····--····-······ ·····-···----··"· 

l ~~'1:0~TGJlri'i~ ............ '. ......... ~ .. ~.~J .. ' .. ~·' .. ~.-~!.~ .... ?.~ ... ~ .. ~ .. ~ ...... ... 
195 Lehigh Avenue, Suite 4 tel; B00.669.67 · 732 
Lakewood. New Jersey 08701 ·USA 
inorganic ventures.corn 

1.0 

2.0 

Catalog No.: 

Lot Number: 

Matrix: 

2,500.00 119fmL each; 
ca. K. Mg. 

250.00 iig/ml.. each: 
Al, Aa, P, 

50.00 jlg/mL each: 

AQ. B. Ba. 
Zn. 

5.00 µglmL sach: 
Be 

Na. 

Se, 

Custom Solution 

TRIMATRIX-SSW-1A 

Y-MEB188079 

Tl 

LI, 

3_0 
ELEMENT 

Alumlnum,AI 

CERTIFIED VALUI! 

BorytBura. Be 

CalclUlll. ca 

~.Cu 

Pllospbond, P 

ZG.B *a.I ~PL -·Ag 
llO.HS0.11 pglmL ThaDluin, TI 

50.08 * 0.12 llllfml-

Z50.Z s O.B 11!11111L 

I0.87 * 0.10 "8/rnL 

50. t1 s 0.1l !19101L 

49.&•U:0.321411mL 

2,601*6"9flr!L 

249.B*O.&pglmL 

50-01 *0.11 pglmL 

z.19.1 * 0.7 ~g/mL 

1.049 g/ml (measured at 22" C) 

Mn, Pb, Sr. v. 

l!LEMl!NT Cl!RTIFIED VALUE 

...... .,. 50.18 * 0.08 IJlllmL 

lum,Cd 50.16 *0.22pgtmL 

Co 50.09 * 0.12 IJll(mL 

d,Pb &0.17 S0.11 l'!llrnL 

_.,_un 48.87 * 0.1Z lllJlmL 

K z.aoa * S lll!lmL .... 2,497 * t "9lmL 

anadlum,V 48.98*0.1A1'9imL 

Cer1illad Value Is based upon the most precise me!hod used to analyze this CRM. The following equations are wad in the calculation or 

the certified "8lue - the uncertainly: 

gr011371.7.doc 

Certified Value (R) = :!:l!I 
n 

(R) =mean 
x, .. individual results 
n = number of measurements 
:ts1 = The summation of all significant esHmated errors 
(Most common are the errors from instrumental measurement, 
weighing, dilution to volume, and the fixed error reported on 
the NIST SRM certificate of analyslS.) 
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ICP Spiking Solution SSW-SSS-2A Certificate of Analysis Example 

• • • 

1.7 
10/18/12 
2/6/01 

- INORG·ANICDI ······· ......... · c.E.RT-,-,=-,-c-A:i-E ·0F····A-NA-
v E N T U R E S ......................................................... ·························M1111111A. 
195 Lehlgh Avenue. Suite 4 tel: 800.669.6 
Lakewood. New Jeisey 08701 ·USA 
inorgonlcventures.com 

1.0 

2.0 

INORGANIC VENTURES Is an ISO Gulde 34:2000 registered Certified Refere 
(Certificate #883-02). The certificate Is designed and the data Is determined in 
31 :2000 (Reference Materials-Contents of Certificates and labels), ISO Gulde 34: 1ty System Guidelines 
for Iha Production of Reference Materials,• and ISO Guide 35-1989 ·ee~·on of Materials - General 
and Statistical Principals.• 

DESCRIPTION OF CRM Custom Solution ~ r\.. ~ C\1-~ 
Catalog No.: TRIMATRIX-SSW-SSS- n O ~-\\~ 
Lot Number: Y-MEB201134 ~,_ 

Matrix: tr. HF, VHN s) \o -o \ ~61" 
~-If· 

250.00 µglml. each: w 
Sb, SI, Sn, 

Mo. Tl 
50.00 µgJmL aach: ~ 

3.0 CERTIFIED VALUES AND UNCE TIES 

ELEMENT CERTIFIED VALUE ~ CERTIFIED VALUE rELEMENT 
AnlltJ>ony,Sb 249.1 :1:0.4pg/ 0 50.02:1:0.1GpglmL Blcon,SJ 

Tin, Sn :zso.e :1: 0.9 L T , TI 50.14 :1: 0.08 µg/mL 

Certified Density: 1.0 g/m (measured at 22• C) 
"'""""""-·•-~ ......,_m......,,,..,_,,....._ ____ .,_~ .... ~m 

CERTIFIED VALUE 

Z41H J: 0.8 µglmL 

the certlliad value and Ille rtsint 

Certio = :£19 (it) = mean 
n ><1 = Individual results 

n = number of measurements 

(n) (Most common are the errors from instrumental measurement. G 
·nty - 21lEs.l~"2 J:s, =The summation of all significant estimated errors 

weighing, dUuUon to volume, and the fixed error reported on 
the NIST SRM c:ertlflcate of analysis.) 

~ lRACEBILITY TO NIST ANO VALUES OBTAINED BY INDEPENDENT METHODS 

gr011371.7.doc 

· "Property Of the reault ot a meaautament or the value of a atandard whereby It can be llllaled to stated references, uauaUy nation al 
or lnlernatfonal standards. through an unbRlkan chain of comparisons an having atated uncertainties.• (ISO VIM. 2nd ad •. 1993, 
detlnllon 8_ 10) 
• This product Is Traoeable to NIST vta an unbroken chain of canparlsons. The uncettaintiea for each certifiect varua - reported. 
taking inlo aa::ount the SRM uncertainty error and Iha measurement. -lghlng and volume dilutlon ""°"'· In rare cases where no 
NIST SRMa are available, the tenn ~ouse std.' la specified. 
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ICP/MS Spiking Solution A Certificate of Analysis Example 

ENVIRONMENTAL EXPRESS 

QCertif tcate of ~nalpsts 

HP2079-1-1L 
Solution A 
Lot# 605319 

Source 
l!!!Iin'.. 

High Purity Metals. 99.98+% 
Salts or Oxides 

one year from the shipping date provided the solution is kept 
al laboratory conditions. 

Theodore c. Rains, Ph.D. 
Laboratory Director 

ran Frea: t.800.343.5319 
FAX: 1.843.881.3964 

M!W.MllfrontnBntaltlx/JTBSS..com 

gr011371.7.doc 
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ICP/MS Spiking Solution B Certificate of Analysis Example 

ENVIRONMENTAL EXPRESS ~ 
<!Certificate of ~nalpsts o'< 

HP2079-1-1L G 
:\> Solution B 

Lot# 605319 

Source 
Source Purity 

High Purity Metals. 99.98+% 
Salts or Oxides 

llris spectrometric 

Ml Pleasant. South caroDna 29484 
Pi10flfl: 1.843.881.6560 

ToR Fn11r. 1.800.343.5319 

FAX: 1.843.881.3964 

www.envlronmenta/tntprass.com 

gr01137 1. 7.doc 

Theodore C. Rains, Ph.D. 
Laboratory Director 
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Attachment 20.5 

Revision Number: 
Date Revised: 
Date Initiated: 

Work Order Report Example 

Trilvlatrix Laboratories, Inc. 

Client: 

Project: 

\V ork Order: 

Client Due Date: Oct-04-06 16:00 (10 day TAT) 

Date ReceiYed: Sep-20-06 12:00 

Date Logged In: Sep-21-06 16:37 

\V.O. Comments: 3FL 

WORK ORDER 0609330 Printed: 711 lf2007 

Page 1 of6 

Project Manager: Ga~· L. Wood 

P1·oject Number: (none) 
SDG: 

lnvolC'.'e To: 

25.9°C 

Send cc of report with involce to Richard Hodge. 

Analysis Lab Due Date TAT Expire 

0609330,.01 06-35.- [Waste) 

Ag TCLP 60!08 

Ag Total 60108 

As TCLP 60108 

As Total 60108 

Ba TCLP 6010B 

Ba Total 6010B 

Cd TCLP 60108 

Cd Total 60 !OB 

Cr TCLP 6010B 

Cr Total 60IOB 

Hg TCLP 7470A 

Hg. Total 7-t.7tA 

Pb TCLP 6010B 

Pb Total 60 !OB 

Sc TCLP 6010B 

Oct-03.06 17:00 

Oct.()3.()6 17:00 

Oct.03--06 17:00 

Oct.03--06 17:00 

10 

LO 

10 

LO 

10 

Mar-11-07 10:00 

Mar-11-07 10:00 

Mar-11-07 10:00 

Mar-11-07 10:00 

Mar-11-07 10:00 

Oct-10.()6 10:00 

Oct-10.06 10:00 

Mar--11-07 10:00 

Mar-11-07 10:00 

Mar-11-07 10:00 

10 Mar-11..(); 10:00 

10 Sep-26-06 !0:00 

.. !~;~-~~~,:~;;:~~~;~?,f!~l~~t~ra 

As Total 60 !OB 

Ba SPLP 6010B 

Jan.01-80 00:00 

Oct-03.06 17:00 

Oct-03--06 17:00 

fan-01-80 00:00 

Oct-03.()6 l 7:00 

Oct-03.06 17:00 

Jan-01-80 00:00 

LO 

LO 

10 

10 

Scp-11-06 !O :00 

Mar-11-07 IOoOO 

Mar-11-07 !0:00 

Sep-L?-,()6 10:00 

Mar-11-07 10:00 

Mar-11-07 10:00 

Scp-11-06 10:00 

R~,s ~I~~~- (T'!'.a,' & Tf~)}~~fr~· P~.·· 
Added for SequcnccQC in: 609.! "720 

Adclcd for Scqucncc:QC i.n: 6092720 

Added for Sc:quc:ncc:QC iu: 6092 i.20 

1.7 
10/18/12 
2/6/01 

wko_ TM_Basic ,rpt 

gr011371.7.doc 



~ TRIMATRIX ft L A B 0 R A T 0 R I E S 

SOP Name: Block Digestion of Solids for ICP and ICPMS 
SW-846 Method 30508 

SOP Number: GR-01-137 page 17of17 

T riMatrit Laboratories, Inc. 

Work Order Anah>is 
0609330 Se Total 6010B 
0609330 Cd Total 6010B 
0609330 Ag Total 601 OB 

LabNrmrber ConIJJin PrqiOrtd By 

. 061093!J.BLK1 Sep-25-000700 M/IS 

0610039-BS1 Sei>-25-00 OHIO MAS 

0010939-MS 1 Sei>-25-00 07[)() MAS 

0010939·MS2 Sei>-25-00 0700 ~IAS 

001093!1-MSOl Sei>-25-06 07 00 1-IAS 

061093UISD2 Sep-25-00 07 Cl) MAS 

0009330-01 A Sep-25-06 0700 ~IAS 

0009330-01 A Sep-25-06 0700 MAS 

060033()-01 A Sep-25-06 0700 ~IAS 

060933().()1 A Sei>-25-00 07:00 MAS 

060933a-01 A Sep-25-06 0700 M<\S 

0609330-01 A 

0609330-01 A 

0609330-02 A 

0609330-02 A 

0609330-02 A 

0609330-02 

MAS 

~\<\$ 

gr011371.7.doc 

Initial 
lg) 

0.5 

0.5 

0.5 

0.5 

05005 

0.5005 

0.4998 

0.4998 

0 5001 

0.5001 

0.4995 

0.4995 

Attachment 20.6 
Preparation Batch Report Example 

PREPARHION BATCH j 0610939 j Pagel of3 

Metals, Waste, 3050B Digestion 
(No Surrogate) 

Batch Comments: ~l.\S 09/25106 &:OOA.M-3:30PM 

Work Order Analnis 
0609330 Pb Total 601 OB 
0609330 Ba Total 6010B 

FaMl uL 
(mfl Surrogate Soo1't% ID 

50 

50 

50 OC-09330-02 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Revision Number: 1. 7 
Date Revised: 10/18/12 
Date Initiated: 2/6/01 

/i:4JactionCom1112/f/r 

Analy;t 
Initials: 

bch_ Tn.\fatrixrpt 
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1.0 

1.1 

1.2 

1.3 

2.0 

2.1 

3.0 

3.1 

SCOPE AND APPLICATION 

Water and leachate samples are prepared for total metals analysis by block digestion. 

Silica-based matrices are not digested using this procedure. \ 

Digestates are prepared for analysis by inductively coupled plasma spectrome"~ 

PRINCIPLE METHOD REFERENCES o~ 
Test Methods for Evaluating Solid Waste, Physica//i.Che.mical MethG, 3rd Edition, Final 
Update I, Revision 1, July 1992, Method 3010A, "Acid Digesti of ueous Samples and 
Extracts for Total Metals for Analysis by FLAA or ICP Spectroscopy 

2.1.1 This procedure describes the use of a 50 ml rAicted block digestion cup as a 
deviation from method 3Q1QA, which spec~1fi ~~a Griffin beaker. 

2.1.2 This procedure describes the use of 25 m a viation from method 3Q1 QA, which 
specifies a 1 QQ ml sample aliquot for~estio~ 

2.1.3 This procedure describes the us~· 5 rM'itric acid for the first reflux as a deviation 
from method 301 QA which. n . Acid ratios are maintained and 1.25 ml is 
used for 25 ml instead of 5 o 0 ml. 

SUMMARY OF PROCED~ 
Samples are prepar~d ~o~ 
3.1.1 A 25.Q · t of well-mixed, homogeneous aqueous sample is accurately 

· a digestion cup. 

3.1.2 

(v/v) hydrochloric acid to dissolve any 

4.0 PARAMETER OR COMPOUND LIST 

4.1 This procedure includes digestion for the following elements: 

Aluminum Chromium Selenium Calcium Potassium 
Antimony Cobalt Silver Iron Silicon 

gr01147 0.5.doc 
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5.0 

5.1 

5.2 

5.3 

5.4 

6.0 

6.1 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

Arsenic Copper Strontium Lithium Sodium 
Barium Lead Thallium Magnesium Sulfur 
Beryllium Manganese Tin Phosphorus Titanium 
Boron Molybdenum Vanadium 
Cadmium Nickel Zinc ~ 

REFERENCED SOPs ~ 
TriMatrix SOP GR-15-102, Laboratory Waste Disposal, latest revision Q. . 
TriMatrix SOP GR-01-100,. Inductively Coupled Plasma Atomic t::'ssi~ pectrometry using 
Perkin Elmer Optima 3000/3300DV, latest revision V 
TriMatrix SOP GR-10-106, Inorganic and Metals Laborato~ctive Actions, latest revision 

TriMatrix SOP GR-10-125, Method Detection Limit (~ision 

INTERFERENCES AND CORRECTIVE PROC~ 
Refer to TriMatrix SOP GR-01-100 f~. ~f i~rferences and associated corrective actions 
when digesting for ICP analysis. v'V° 
SAFETY PRECAUTIONS ~ . 

Wear a laboratory co ~~ .. ~ve~ safety glasses while in the laboratory. In addition, 
disposable gloves must ~:~henever samples or reagents are handled. 

Follow all instra· uthn Cl in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. . 

For labo~ isposal, refer to TriMatrix SOP GR-15-102. 

~
e . · and/or carcinogenicity of reagents used in this procedure have not been 

e med . 

.,. ~ Treat all chemicals as a potential health hazard. . 

~ Reduce exposure to the lowest possible level by adherence to established safety 
policies. 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

Samples can be highly toxic and varied. 
immediately decontaminate the exposure. 
equipment before using again. 

Treat any exposure as a potential danger and 
Clean waste-contaminated personal protective 
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7.6 

8.0 

8.1 

8.2 

8.3 

Bring all safety issues to the attention of the Area Supervisor and/or Health and Safety Officer. 

SAMPLE SIZE, COLLECTION, PRESERVATION AND MATERIALS 

Samples collected for digestion and analysis by ICP c. an be preserved in the field -~ · ·-1 receipt 
by the laboratory. If the pH is not <2 when received by the laboratory, low~e~ the 
sample receipt process using 1 :1 nitric acid/water. The maximum volumes ac· added to a 
sample (including initial volume) are: . 

0 Container Size Acid Volume (ml) 

125 1.2 G 
250 2.6 
500 5.0 

1000 ' 10.0 9 
If a pH adjustme~t is necessary, a minimum of 2.4 h~or: . el e before the sample digestion 
process may begin. 

8.2.1 Sample preservation must occur in ~orig1 container to prevent the loss of any 
analytes adsorbed to the container wa It· not permissible to remove and acidify a 
sample aliquot. '-.. ~ 

If the sample must be an~V 24 hours of collection, the sample must be 
preserved immediately i~ion. 

8.2.2 

8.2.3 If boron is an an;Wi-..~1"'919P.st the sample must be preserved immediately during 
collection. 

8.2.4 

8.4 ~.amp e collected in glass or plastic. If Boron is to be analyzed, use only plastic 
· Do not allow acidified sample to come into contact with metal to prevent 

inants dissolving into the sample. 

8.5 nsure sufficient sample volume for quality control and/or redigestion, collect at least 150 ml 
nfiltered liquid. Smaller volumes may result in elevated reporting limits. 

8.6 For some determinations of dissolved elements, the filtered and preserved sample may require 
digestion. Filtered samples that form a precipitate at preservation, during transit to the laboratory 
or in storage must be digested before the analysis. 

8.7 Property acid-preserved samples can be held for up to 180 days prior to digestion. Refrigeration 
is not required for samples or digestates. 
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9.1 

9.2 

9.3 

Micropipette, capable of delivering 125 µL . 

Block digestor for metals digestion, Environmental Express, HotBlock ™. model SC1 ~ 
Block digestion cups, certified pre-cleaned, catalog SC475, available fnl)1vironmental 

9.4 

9.5 

9.6 

9.7 

10.0 

10.1 

10.2 

11.0 

Express ~ 

Ribbed watchglasses, disposable, Environmental Express, catalog scsoO 
Filtermate, Environmental Express, catalog SC0501, for digestate f ration 

081 

Thermometers, NIST-traceable, digital, capable c/,~~ o at least 100° C in 0.1° C 
increments. v 
ROUTINE PREVENTIVE MAINTENANCE" y 
Verify and document the micropipette alib~Y.ily. 

aily. Clean up spills immediately. 

11.1 Laboratory reagent :rM Type II), milliQ water system 

11.2 Nitric acid (H~c trated, trace metal grade 

11.3 HydroctiFa~), concentrated, trace metal grade 

1~ '-Jre a 1:1 (v/v) solution of HCI in water by measuring 50 ml of concentrated HCI 
.... ,~~~d~O ml of laboratory reagent water. Remember to perform the addition in a fume 

'V·2 Expiration is six months from the date made. 

12.0 STANDARDS PREPARATION 

12.1 Multi-element ICP spiking solutions are purchased as commercially prepared solutions. Refer to 
Attachments 20.1 and 20.2 for ICP spiking solution examples. 

13.0 ANALYTICAL PROCEDURE 
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13.1 Fill one block digestion cup with laboratory reagent water and place in a random hole of the block 
digestor. Cover with a watchglass that has a hole in the center and insert the digital thermometer 
tllrough tile hole. Using the thermometer and not the block digestor read-Out, ad:tt block 
temperature to 90 - 95° C. 

13.2 Mix samples by vigorously shaking to achieve homogeneity. Immediately afte~r·ng, asure 
25.0 ml (or an appropriately smaller volume) into a block digestion cup. For. am es requiring 
matrix spikes, shake vigorously before each 25.0 ml aliquot is removed.e 

13.3 Measure 0. 75 ml of concentrated HN03 into each sample cup th cov with a ribbed 
watchglass. 

13.4 After the block equilibrates to 90 - 95° C, place all samples in the k d cover with a ribbed 

1.25 ml into an empty digestion cup for comparison .. If y di tion goes to dryness, discard 
and re-prepare with another sample aliquot. ~ 

· 13.5 After evaporating t6 nea. r dryness, cool by removing fl~ om the block then add 1.25 ml of 
concentrated HN03. Cover with a non-ribbe atchg then return to· the block and gently 
reflux. Slight boiling should occur while refluxing vi rous boiling must be avoided. Continue 
refluxing .. If the digestate is not light in coli&i.fter r xing, cool and add another 0. 75 ml HN03 

then continue refluxing as before. 6 .7 ml HN03 additions and refluxing until the 
digestate is light in color or does not ange it ontinued refluxing. . 

13.6 When the digestion is complet~ ribbed watchglass and evaporate to approximately 
0. 75 ml. Be careful not3::o tion go to dryness, else it will need discarded and re-
prepared. · · 

13. 7 After evaporation to~. 7 · L, r ave from the block to cool then measure 2.5 ml of 1: 1 HCI into 
each digestate. Re block and gently reflux for an additional 15 minutes. 

13.8 After refluxing~, move from the block and cool to room temperature. 

13.9 When ~~~5.0 ml with laboratory reagent water then cap and shake vigorously. At 
t:...~tes are ready for analysis. 

14.~· ~ORTING AND DELIVERABLES . 

14.1 W orders are printed out by the Laboratory Information Management System (Element™) 
1cating which samples need digestion (refer to Attachment 20.3). 

14.1.1 Initial and date any hand-written information on the work order report. 

14.1 .2 Organize and archive all work order forms in accordance with the TriMatrix quality 
assurance manual. 

14.2 Completion of each sample with all quality control is entered back into Element™ and a 
preparation batch report is printed. 
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14.3 

14.2.1 Enter all information associated with the digestion before printing. 

14.2.2 The report accompanies the sample digestion the 

14.2.3 

14.2.4 

Maintain the use of all standards and reagents in Element™ for. 
analysis are maintained on the laboratory intranet library for each s ndar 

Certificates of 
nd reagent used. 

14.4 Analysts preparing digestion batches are responsible for ~a fillin in, transferring and filing 
all associated paperwork. This is essential in providing th lien ith defensible data. 

14.5 If internal chain-of-custody (COC) is required, it is~ nt that COC forms be filled in 
completely and correctly. Organize, transfer and/or iv OC forms in accordance with the 
TriMatrix Quality Assurance Manual. '-.. . ~ 

14.6 Fill in block digester maintenance logb~.~0:¥-ly and correctly when maintenance is 
performed. Indicate blank areas in lot;j'V'arge "Z" that is dated and initialed. 

14.7 Make corrections in any logb~ny ardcopy with a single line over the mistake (not a 
writeover or scribble) then date~ new writing. 

15.0 QUALITY ASSURA~ 
15.1 At least one. dige (BlK) must be carried through the entire digestion to monitor 

contamination~ digestion batch of up to 20 samples. The blank is prepared by 
measuring 25. ml la ratory reagent water or appropriate extraction fluid into a digestion cup 
and digest" a s pie. 

15.2 At le st e bl k spike (BS) must be carried through the entire digestion to document recovery 
nterference in each digestion batch of up to 20 samples. A blank spike is 

~.-ilillZIM)' measuring 25.0 ml of laboratory reagent water or appropriate extraction fluid into a 
ion cup, then spiking with 200 µL of solution SSW-1A and 200 µL of solution SSW/SSS-2A. 

15. are a matrix spike (MS) and matrix spike duplicate (MSD) for wat~r samples, for each 
stion batch of up to 20 samples. 

15.4 Prepare a matrix spike (MS) and matrix spike duplicate (MSD) for leachates, for each digestion 
batch of up to 20 samples. 

15.5 Prepare matrix spike and matrix spike duplicates by measuring a 25.0 ml sample aliquot into a 
digestion cup, then spiking with 200 µl of solution SSW-1 A and 200 µl of solution SSW/SSS-2A. 
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15.6 

157 

16.0 

16.1 

Digestates must not boil during the evaporation step. If a digestate begins to boil during 
evaporation, immediately remove from the block and reduce the temperature. Some boiling will 
be evident during the reflux step. However, vigorous boiling during reflux will diminish the water
acid azeotrope and cause loss of analyte. If a digestate begin to boils vigorously during· efluxing, 
immediately remove from the block and reduce the temperature. If boiling during evap ation or · 
vigorous boiling during refluxing is not immediately addressed, discard and the r are the 
sample and/or samples affected. Monitor the block temperature closel~irn 
preparation. 

Each commercially purchased spiking solution must be used within it~ date. If a 
standard or solution has expired, remove it from the laboratory for propert:1. 

G DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

Before processing actual samples, each analyst mus~m trate the ability to generate 
acceptable accuracy and precision by running a~ia e nstration of Capability (IDC). 
Analysts responsible for sample processing by this ce re st pass an IDC study first. 

16.1.1 Initial Demonstration of Capability St' ~ 

16.1.1.1 Spike four 25.0 ml uots Voratory reagent water as in a blank spike 
preparation. Di pikes following every step in this procedure 
and obtain ana sis re I or the four blank spikes. Analysis of the spikes 
must also i I step in the analytical procedure. Enter all four 

. results ai d the IDC spreadsheet located on the laboratory 
n.·::i.m-.~lculate average percent recovery and relative standard 
n. era~e recovery must fall within the blank spike control limits 

lem nt . Relative standard deviation must be less than or equal 

16.10 ematively, th. e last four of seven r.esults used in an MDL study may be 
d as the IDC, if the MDL study was run exclusively by the analyst. 

NL Y the last four results may be used. 

t::.1.: 3 If either criterion is not met, locate and correct the source of any problem 
~ and repeat the study to confirm the corrective action was successful. 

Repeated failure however, will confirm a general problem with the 
procedure or techniques used. If multiple failures occur, correct the 
procedure or techniques used, and repeat the study. 

16.1.1.4 Samples may not be processed by any analyst until an IDC study has been 
successfully completed and approved. Give copies of all IDC study 
spreadsheets and raw data to the quality assurance department for 
training documentation. 

16.1.2 Continuing Demonstration of Capability Study 

16.1.2.1 Annually, a Continuing Demonstration of Capability (CDC) study is 
required by each analyst. 
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16.2 

17.0 

. 17.1 

17.2 

17.3 

17.4 

18.0 

18.1 

18.2 

18.3 

16.1.2.2 A CDC may be accomplished by repeating the IDC study, by using the last 
four results from an MDL study, or by using four consecutive and 
exclusively run blank spike results obtained from routine s:.:l\:alysis 
since the IDC study was completed. Alternatively, successful c pletion 
of an exclusively digested performance testing ·study re since 
completing the IDC may be used. Q 

16.1 .2.3 Process CDC data using the same demofls i of capability 
spreadsheet and in the same manner as the IDC t s QA. 

A Method Detection Limit (MDL) Study is required in accordance ("S! -10-125 for this 
procedure. . V 
POLLUTION PREVENTION A 
Maintain an inventory of all chemicals used in the la at ~itor their use. 

Never dispose of a laboratory chemical without~ refe~ mg appropriate written instructions of 
disposal for that particular material. V 
Conserve the use of chemicals where · 

WASTE MANAGEMENT~ "i 

Consult the appr~')..l Safety Data Sheet (MSDS) when disposing of chemicals. 
Material safety dat e located on the laboratory intranet library. 

To minimize t en ental impact and costs associated with chemical disposal, order and 
use only t mount of material required. · 

Te Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 
C:late I, Revision 1, July 1992, Method 301 OA, "Acid Digestion of Aqueous Samples and 

Extracts for Total Metals for Analysis by FLAA or ICP Spectroscopy" 

20.0 ATTACHMENTS 

20.1 ICP Spiking Solution SSW-1A Certificate of Analysis Example 
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20.2 ICP Spiking Solution SSW-SSS-2A Certificate of Analysis Example 

20.3 Work Order Report Example 

20.4 Preparation Batch Report Example 

20.5 Digestion Flowchart 
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ICP Spiking Solution SSW-1A Certificate of Analysis Example 

1.0 

2.0 Custom Solution 

Catalog No.: 

Lot Number: 

Matrix: 

2,500.00 jlghnL each: 
ca. K. Mg. Na. 

250.00 IJ9{ntl.. each: 
Al. As. P. Se. TI. 
50.00 !Jg/mL each: 
Ag. B, Ba. 

Zn. 
5.00 µglmL each: 
Se 

3.0 
ELEMENT 

Al-Al 

a..,mum.a. 

c-.ca 

~.Cu ......_Mg 
Pbosphonla, p 

249.B * a.a pgtntL -· Ag 

llG.GS * O.U pglmL Tlldlum. Tl 

(5') =mean 

U, 

CERTIFIED VALUE 

250.Z * 0.8 µg/mL 

IO.G7 * 0.10 1191'mL 

60.U &0.18119/m\. 

'9M & 0.32 119inL 

2,501s1 pg/ll'IL 

245*0.BlllJfmL 

80.01 .. 0.11 lltlfml. 

-.. * 0.7 µg/ml. 

Certified Value (><) = :1:111 
n x, a Individual restilts 

n = number of measurements 

Mn, NI. Pb. Sr. V, 

ELEMENT CERTIFIEO VALUE 

wn,8a &0.18 :I: 0.08 µg/mL 

lum,Cd 10.16 '!: 0.22 iJ91mL 

Co 50.0IJ .t 0. 12 µgtmL 

,Pb SO.t7.tO.tti19"mL 

"'1ganne, Un 49.17 :1: o.121'91mL 

K Z,500 :!: 8 l'l!hnL 

NII 2,A97 * 1 llllftnl. 

anlldlum, V 48.88 * 0. t.4 l'lllmL 

uncertainty <:1:> = 2m:•1r· 
(n)" 

I:s1 =The summation of all significant estimated errors 
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Attachment 20.2 
ICP Spiking Solution SSW-SSS-2A Certificate of Analysis Example 

'~~,~J'll! s ....................... S: .. ~.~ .. '..! .. ~.~.S:.~I .. ~ ... 5?.:. ... ~ .. ~ 
195 Lehigh Avenue. SUite 4 
Lakewood. New Jersey 0870 I · USA 
inorganicventures.com 

1.0 

2.0 

Catalog No.: 

Lot Number: 

Matrix: 

250.00 µg/ml. each: 
Sb, SI, Sn, 

50.00 µg/m(. each: 
Mo, TI 

3.0 CERTIFIED VALUES AND U 
ELEMENT CERTIREDVALUE ELEMENT CERTIRED VALUE 

s 

AnUi:nony, Sb 249.H:O.C L 50.02:t0.181111/mL ~UICon. SI 24f.7 :t 0.8 µg/mL 

Tin, Sn 280.8 :t . " Titan • Tl &o.14 :t o.oa l'IJlml. I 
Co-~ mL(m.,..,...at22°c} · 

The Certllied Value Is precise me1flod used llG analyze lhis CRM. The following equations are used i" the calculabon of 
the certified value and the · . 

C~ltd Valu .11~" E& (.11) "mean 
n x1" individual results 

in (:1:) = 2!CEs,l~ I:st = The summation of all significant estimated errors 0 n =number of measurements 

(n) · (MO!lt common are the errors from Instrumental measurement, 
~ weighing, dUutlOn to volume, and the l'lxed error reported on 

~ ilio NIST SRM -·-of~"""·l 

..._ ~ 4.0 TRACEBILITY TO NIST AND VALUES OBTAl~ED BY INDEPENDENT METHODS V · "Property of the reaull of a measurement or Iha value of a atandard wheraby It can be related 10 stated references, usually naUona1 
cir lntemaUonal atandanls, lhrough an unbroken chain of comparisons aff having stated uncertainlias.· (ISO VIM, 2nd ed •. 1993. 
dellnllon 8.10) 
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Attachment 20.3 
Work Order Report Example 

I \voRK ORJ)ER ilDB168·1 
Pagel ofZ 

Metals Sample Receipt Notice 
Client: Project Manaa,.or: 
Project: Groundwater Tdtlng Projc.::t Swu'!:cr: 

Cli~t D11e Dille: Ana-ll-11 U:OO (10 day TA1) 
W.0. Comments: QC is 2RLl.f 

Repcri Li:~·~I: 

Lab 

Revision Number: 0.5 
Date Revised: 8/30/12 
Date Initiated: 3/17/03 

~~t*!!~~J!t~M£i~~!1:~1~~f#1r1!~~t~[t:!f'~~~fr~:~~~--.~:!j-~~:~~~~~· ·~~4t~,~~·~~f-~~ .. J~~~1&.~-~~~t~~I~r:~~k~ 
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AsTotalilWo 

B f()(ftl G{l20 

BaTar.a16020 

Ca Tutai 60!08 

Cd T Qt;tl 6020 

c~ Tot11I 6(}20 

Fe Total fi.OIOB 

K fo!al 61)108 

]I) 

Aug-21-12 li:OO 

Allg.11·12 17:00 

A11g-ll-i2 17;00 

Aul'-21-12 17:00 

Aug-21-12.17:00 

Alig-21-12.17:00 

Aug..21-1? 17:00 

Aug-ll·l217:00 

,.\ug·2l·l217:00 

Aog-21-12 17:00 

Aug-21-12.17:00 

... ,.g-2 J .( 2 l 7:il0 

A:i5•21 ·12 17:()0 

Ajjg-21-1217:00 
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T rt.\fmrU: Laboraroncs, Inc. 

~ oa..,,....,.;.-.. . . 
llOOll-t IF.IMAl'Rix-SSW-SSS-i.A 
1100115 nm.L\TRIX:.SSW-lA 
20413!2 lim.tATRIX-ssW~L-'\. 
2<Hl323 Til'..IMA!lU.'{-SsW-SSS-2A 
2~:56 UHCL 
206U57 Nri-ic -~~ 1otsu~ 

Worli:Orde< . Allal"5i; 
12flB16il >iaTtta6011B 

12C61611 UTot315011lB 

12!:81611. C3T:itll 5DllB 

Attachment 20.4 
Preparation Batch Report Example 

PR£P.\R.UIO:S BATCH I 12097531 Page loC 

Metals· Water, JOIOA~·· 
<No smogab!) 

Bilich cOmmem: mas 08110/L! 7:00mr4:00pm 

~ ~-
3._HN03 tt. EF E:!-MEB3 761)75 
"3!.~03 E.?.:1.!EB, "7607-t 
3%HNOJ F2-MEB·H9Hld 
.l%HN03tt.HF F2-MEB4L0105 
511~ 511~ 

N!A 51.332 

WoD:Onl..- AllaMi.; 

121:81613 Mn T"'315011l6 

121:111611 j( To!al 601!11 · 

121:8171 F@ Tota 5011la 

Revision Number: 0.5 
Date Revised: 8/30/12 
Date Initiated: 3/17/03 

;~i~~~;:;i~~~~~~l~~.wJ~ ~~-,.,,,,,"~'" ~~lt~~~~~ 
1209753-6U<1 Aug-10-1207:QQ PIA$ 2S. _25. ..,, 

1:DS753-651 !IUl]-1!!-12(!7:00 ti.AS _2.5 25· :lrl<'F 200 .... l.<;mll'" 
l:!JS7~1 Allg-ll!-120COD MAS 

1205753-MSOl AiJ!r I l!-12 07'.00. llAS 

1::1l8168-Q1 A Alq-l().121lT.'JO WAS 

1::De1€&{11 A AIJ!t-1!!-12 07:00 VAS-

1;:QB16B..Q1 A Allg-ll!-121r.JJO w.s 
~ ~ :-:~,:::a~.------+----------; 

1:!11!150-01 " A1lg-1(). 12 U7:!IO IMS 2.5 25 • . • 

1:DSl60-01 A .. ~m-12 07.m 25 25 . ... • - Ill' S!!qLenceQC "'2HIEll34 
1::!ie1M-01 ... ""'J-ll!-12 07:'lO w.s .. 25 25 ~-, -
1:JPJ168-01 .... Allg-l!!-12!l7:illl ws .25 25 I[ ... _. 

120617'1-01 B .-.ug-tG-i2a'i'tJD: WIS 25 ~ ..... 

1:!1317HJZ- e ,i<q-l!!-12'J7:llll MAS . 25 . ,as.. ,.. 
1:118171-03 B -'<q-:0-12 C71lD IMS . 25. ~ . 2!ar. ... 
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Attachment 20.5 
Digestion Flowchart 

Measure 25.0 ml of homogeneous sample into a digestion vessel 

! 
add 0.75 ml of concentrated nitric acid 

! 
cover with a ribbed watchglass 

! 
evaporate to about 1.25 ml at 90-95 deg. C (do not boil) 

! 

! 
reflux (slight boiling will be observed but vigor 

! 
er 0.75 ml nitric acid then continue 

change to a ribbed watchglass 

! 
75 ml at 90-95 deg. C (do not boil) 

! 

! 
-ribbed watchglass and return to the block digester 

! 
reflux gently for 15 minutes 

! 
ave from the block digester and cool to room temperature 

! 
te to 25.0 ml with laboratory reagent water then cap and shake vigorously 

! 
digestates are ready for analysis 
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1.0 

1.1 

1.2 

1.3 

1.4 

2.0 

2.1 

2.2 

3.2 

4.0 

4.1 

SCOPE AND APPLICATION 

This procedure is applicable to the determination of inorganic anions in a variety of matrices 
including drinking water, surface water, mixed domestic and industrial wastewater, groundwater, 
laboratory reagent waters, solids (using the extraction procedure given in Section 1\-2), and 
leachates not containing acetic acid. ~ 

The analysis rang::::: for each anion is as follows: ~ q 
Bromide, Fluoride, Nitrite-N, Nitrate-N, o-Phosphate-P 0.01"95V 
Chloride 1. to 10 
Sulfate 1 t 00 
Iodide · f:J.00 0.100 

Note: The calibration ranges above are based o~2 s pie loop with the exception of 
iodide, which is based on a 1000 µL samp o . 

This procedure is recommended for use o~~ ... ~ sts experienced in the use of ion 
chromatography and in the interpretation of ion c. ~rams. 

Bromide and nitrite react with most6 o~m_1yed as disinfectants in potable water. The 
feasibility of measuring anions in tr ted,~ust be considered prior to conducting the 
analysis. 

PRINCIPLE METHOD R~~S 4 

EMSL, Office of ~es ;h~ Development, "Determination of Inorganic Anions by Ion 
Chromatography". thod 300.0; USEPA, Cincinnati, OH 45268, USA, rev. 2.1, 1993 

Test Methods r E · g Solid Waste, Physical/Chemical Methods, SW-846, 3d Edition, Final 
Update IV, e · February 2007, Method 9056A, "Determination of Inorganic Anions by Ion 
Chroma r ph 

The dissolution procedure described in Section 13.2 must first be performed when using this 
procedure for solids. Results from solid samples must be reported as "soluble", not "total". 

PARAMETER .OR COMPOUND LIST 

This procedure covers determination of the following inorganic anions: 
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5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

Bromide 
Chloride 
Fluoride 
Nitrate Nitrogen 

Nitrite Nitrogen 
ortho-Phosphate as Phosphorus 
Sulfate · 
Iodide 

6.0 INTERFERENCES AND CORRE 

6.1 

6.2 

6.3 

Revision Number: 3.0 
Date Revised: 8/3/12 
Date Initiated: 4/1/00 

The acetate anion elutes early during the chromatographic run. Targeted anion retention times 
shift when a large concentration of acetate is present. Therefore, this procedure is not used for 
leachates of samples when acetic acid is used for pH adjustment. 

7.0 SAFETY PRECAUTIONS 

7.1 Wear a laboratory coat and approved safety glasses while in the laboratory. In addition, 
disposable gloves must be worn whenever samples and/or reagents are handled. 
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7.2 

7.3 

7.4 

7.5 

7.6 

8.0 

8.1 

8.2 

9.0 

Follow all instructions outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan to minimize injuries and accidents. 

For laboratory waste disposal, refer to TriMatrix SOP GR-15-102. . \ 

The total toxicity and/or carcinogenicity of reagents used in this procedu~e ~been 
precisely defined. 

7.4.1 Treat all chemicals as a potential health hazard. 0 
7.4.2 Reduce exposure to the lowest possible level by adh tablished safety 

policies. 

7.4.3 
used in this procedure. Consult the MSDS for aile hemical information. 

Waste samples can be highly toxic and varied. Tr~ sure as a potential danger and 
immediately decontaminate the exposure. Clea s ontaminated personal protective 
equipment before using again. '-.. ~ 

Bring all safety issues to the immediate att~n o~rea Supervisor and/or Health and Safety 
Officer. r-'\V 
SAMPLE SIZE, COLLECTION ~ION AND HANDLING PROCEDURES 

glass bottles. All bottles must be certified clean. Volumes 
ens re a representative sample, allow for replicate analysis (if 

osal. 

INSTRUMENTATION, APPARATUS, AND MATERIALS 
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9.1 Balance - analytical, capable of accurately weighing to the nearest 0.0001 g 

9.2 Glassware - Class A volumetric flasks and autopipettes as required 

93 lo.n Chromatograph - Dionex ICS-2000 analytical system complete with ion chrom;:! and 
all required accessories including analytical columns and detectors. · 

9.3.1 Anion guard column: Dionex AG-18, 2x50 mm, PN 060555 or Dion~. , 2x mm, 
PN062888 ~ 

Anion profiling column: Dionex AS-18, 2x50 mm, PN 060553~x AS19, 2x250 
mm, PN 062886 r ~ 

9.3.3 Anion suppressor cartridge: Dionex ASRS Ultra II, 2 mm~562 

9.3.2 

9.3.4 Detector: Dionex PN 057985 A 
9.3.5 Autosampler: Dionex AS40 automated sa~ey>)t.,/40-1 
9.3.6 0.22 µm nylon filter VV 
9.3.7 0.45 µm syringe filter '-. ~ 

9.3.8 25 µL sample loop O'....., 
9.3.9 1000 µL sample loo~ 

10.0 ROUTINE PR[')IE:~~N~E AND TROUBLESHOOTING 

10.1 Keep the instrume ebris and promptly clean up spills. 

10.2 For additional~t on system maintenance and troubleshooting, refer to the Dionex 
operations ma~ troubleshooting guide. 

11.0 c~Go REAGENTS 

t 0 µm for all solutions. · 
11.~ ato rt;lagent water: Use ASTM Type II MilliQ system water containing particles no larger 

11 .2 ent, the mobile phase liquid that separates anions in the column is automatically generated by 
the instrument from laboratory reagent water and reagent potassium hydroxide. 

12.0 STANDARDS PREPARATION 

12.1 Individual Stock Standard Solutions, 1000 mg/L (1 mg/ml) 

12.1.1 

gr02113 3.0.doc 
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12.3 

12.1.2 To separate 250 ml volumetric flasks, add the exact mass of reagent listed below and 
dilute to volume with laboratory reagent water. Stir to dissolve before dilution. 

Stock Reagent 

Sodium Fluoride (NaF) 

Sodium Chloride (NaCl) 

Sodium Nitrite (NaN02) 

Sodium Bromide (NaBr) 

Sodium Nitrate (NaN03) 

Potassium Sulfate (K2S04) 

Potassium Iodide (Kl) 

Exact Mass (gm) 

0.5526 

0.4121 

1.2314 

1000 mg N03--N/l 

1000 mg HP04-
P/l 

1000 mg rll 

12.1.3 Prepare a second set of i~ividu s ock solutions from sources dissimilar to those 
used above for use.·n co -source calibration verification (SCV) standard. A 
separate lot of che · I m same manufacturer or a different manufacturer may 
be used when 7r~ o eat materials. . 

Working Mixed Standar. ~ ~ 

12.3.1 individual 1000 mg/l solutions (Section 12.1) into a single 200 ml 
~!fl"'lllWrl~ as described below. Dilute to volume with laboratory reagent water 

m x. Store at 0 - 6° C. 

Stock Standard ml to add 

1.0 
20 
1.0 
1.0 
1.0 
1.0 
20 

0.100into100 ml 

Concentration 
m /L 

5 
100 

5 
5 
5 
5 

100 
1.0 

12.3.2 Repeat the above preparation using the SCV individual stock solutions. 

Note: The iodide SCV (0.04 mg/l) is prepared by measuring 4.0 ml of 1.0 mg/l 
· r into 100 ml of laboratory reagent water in a volumetric flask. 

12.4 Working Mixed Standards B through F 
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12.4.1 Working Mixed Standards B through F are prepared by diluting Working Mixed 
Standard A (Section 12.3) with laboratory reagent water as specified below. Standard 
A is repeated for reference. 

Standard Final 
Std 

A(ml) 
Volume 

ml 
F 

A 5.0 
B 30.0 50 3.0 
c 20.0 100 1.0 
D 20.0 250 0.4 
E 10.0 500 0.10 
F 5.0 500 0.05 

12.4.2 

Standards 

Standard A 
Standard 1 
Standard 2 
Standard 3 
Standard 4 
Standard 5 
Standard 6 

12.5 

13.0 SAMPLE PREPARATION 

Concentration (mg/L) 

er N02-N 8( 

100 5.0 
60 3.0 
20 1.0 
8.0 0.4 
2.0 0.10 
1.0 0.05 

0.100 100 
0.500 100 

1.0 100 
1.0 50 
2.0 50 
4.0 50 
5.0 50 

so/-
100.0 
60.0 
20.0 
8.0 
2.0 
1.0 

Final 
Concentration 

m /L 
1.0 

0.005 
0.01 
0.02 
0.04 
0.08 
0.10 

13.1 All samples, standards and quality control must be filtered either in-line as part of the analysis or 
externally using a 0.45 µm nylon filter to prevent damaging valves and columns. 

13.2 Soil samples must be extracted prior to analysis in accordance with TriMatrix SOP GR-16-117. 

13.2.1 Soil Analysis must be reported as "soluble" and not "total". 
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14.0 CALIBRATION PROCEDURES 

14.1 A retention time study must be completed after any major changes to the IC system (ex. 
Changing the guard column or separation column). . · \ 

14.1.1 Before establishing retention time windows, make sure the instru~~ating 
reliably and that system conditions are optimized to all targeted anal s. · 

14.1.2 After an initial calibration, use three injections of all target anal~ course of a 
24-hr period at the mid-point concentration of the calibration ra1V 

14.1.3 

Note: A convenient approach is to use the miCnt :andard of the initial 
calibration then two subsequent continuin~tion verification runs 
obtained throughout the course of th~ 

Record the retention time for each anal~te. . o he itial calibration and the three 
retention time study injections into the e · n e Window Spreadsheet. See 
Attachment 23.1 

14.1.4 The retention times of the first daily c).rat.i in:: verification standard is entered into the 
retention time window spreads~ i~'¥for it to correctly calculate the retention 
windowsfortheday. · Q'V · 

14.1.5 Whenever the observed e . tion me of a calibration verification standard is outside 
the established rete · n m Clow, determine the cause and correct the problem 

±10% from th re s calibration or calibration verification, re-calibrate the 
before continui~g nalysis. If the observed retention time is greater than 

instrument. 

14.2 Analyte retention ti~cted by eluent concentration, flow rate, analyte concentration and 
column perfor~·. o a just retention times, adjust the integration events table and peak 
table to ensur. eac k is identified correctly and integrated properly. Resolution between 
peaks maY'. be timi d as follows. 

1 ~G:J,uent may be diluted 10 - 30 percent. Dilution will increase separation but will 
ause later-eluting analytes to be retained longer . 

. 2 he eluent flow rate may be reduced by 20 - 40 percent to increase separation slightly . 

. 3 A new initial calibration must be run under these modified analytical conditions prior to 
sample analysis. 

14.3 Initial Calibration 

14.3.1 
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14.4 

14.3.2 Set up the IC as shown in Attachment 23.2. Inspect all connections carefully. 

14.3.3 Start the instrument following the startup instructions given in Section 15. First, run an 
injection of laboratory reagent water to comple. tion. Then, run the calibra:n rtions 
12.3.1. and 12.4.1) in succession from low to high concentration. 

14.3.4 Using peak areas (or height when required) prepare a linear calibr~ai urv . inear 
regression must be used for all quantitation. The correlation coe 1e (r) must be 
greater than 0.99 (r2 > 0.995). Refer to Attachment 23.3. 

14.3.5 After the initial calibration has been. run and is acceptable, aO second-source 
calibration verification (SCV) at the mid-point of the calir""~ recovery is not 
within ±10%, repeat the calibration and SCV. V 

Calibration Verification ~ 

14.4.1 Once the initial calibration curve and SCV!&b ru and is acceptable, analyze the 
mid-point standard from the calibration c . h1 · the initial calibration verification 
(CCV). If response for any analyte varies th xpected value or retention time by 
more than ±10%, locate the prob~;,:~~ eat the calibration and calibration 
verification successfully. Input retentio, ~nto retention time window spreadsheet. 

14.4.2 Analysis of an initial calibra · ~k '~CB/BLK) must immediately follow the CCV. 
The BLK is an aliquot of la rat~V.nt water. The result for the initial BLK must 
not exceed three times eth detection limit (MDL). If these criteria cannot be 
achieved, appropriat ction must .be taken before samples are analyzed. 
The initial BLK m o the laboratory information management system as a 
blank. Element™ ill n llow entry of a CCV result without an associated CCB/BLK. 

14.4.3 After the init1 CB, a contract required detection limit standard (CRDL) is 
analyzed. DL is an aliquot of the lowest calibration standard analyzed like a 
samg very of the CRDL must be within 50 -150% of the expected value. 

14.4.4 The libr on must be verified during sample analysis using continuing calibration 
CCV/CCB. CCV/CCB's are analyzed after every ten samples and at the 

the analytical batch. Included in the 10-sample count are all samples and 
control injected after the initial CCB/BLK. If the response for any analyte varies 

om expected value or retention time by more than ±10%, locate the problem and 
epeat the calibration verification successfully. If results still exceed ±10%, sample 
nalysis must be terminated and recalibration is needed. All samples associated with 

an unacceptable CCV/CCB must be reanalyzed. 

Note: For Department of Defense (DoD) samples, any analyte concentration 
found in the method blank must be less than one half the reporting limit 
instead of less than three times the MDL. If this is not achieved for the final 
report, narrate samples in accordance with Attachment 23.6. 

14.5 Section 14.4 is repeated on a daily basis to verify the initial calibration. The initial calibration is 
considered acceptable until the failure of one or more calibration verification requirements. 

14.6 A new calibration must be prepared and run if stock standards are changed. 
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15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

15.7 

ANALYTICAL PROCEDURE 

Follow the sample collection, preservation and pretreatment instructions given in:-s::s 8.0 
and 13.0. 

Turn on the power to Dionex RFIC instrument and auto sampler. n 
Add laboratory reagent water to the eluent reservoir and prime the eluents• ~p. Be sure 
that all air bubbles are eliminated from the inlet filter and the eluent i et tub g. Connect to 
remote control panel on computer and start eluent flow by clickin t twice. Refer to 
Attachment 23.2 . 

Nitrate. The test button 'Bromide' is for the ani Bro "de .. 

After starting the eluent flow, let the IC stabilize~,~ one hour before analysis and 
conductivity drop below 0.5 µS. v 
Prepare 5 ml sample vials by labeling and p~g t~m into vial trays. Pour standards and 
samples into corresponding vials. Place fi~~.¥-1 (filter down). Using black cap plunger, 
plunge filter caps down into vials flushg·~· the vial. 

Load vial tray into the left side~f a to mpl . Vial spot number 1 (indicated on vial tray) should 
be orientated on the right. P e /HOLD button on auto sampler to move vials into 
position for sampling. ~ 

Copy and create a run t om a previous run batch, save as current date (MMDDYY). If 
using a previous calibra , ch raw data box in save window. 

15.7.1 

The status of a previous 

Nonlinear response can result when the analytical column capacity is exceeded (overloading). If 
any analyte response exceeds the calibration range, dilute the sample with laboratory reagent 
water and reanalyze. Nonlinear response for fluoride or chloride can also occur if elution is 

' during or very near the signal suppression, caused when water elutes into the detector. 

16.0 CALCULATIONS AND DATA HANDLING 
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16.1 Analyte quantitation is performed by regression from the initial calibration curve. Peak area is 
used by default. Peak height must be used when necessitated by chromatographic interferences 
and/or analytes. The curve and all standards must be reprocessed using peak height when 
height is used. Multiply all extracted soil sample results by 10 to compensate for the 1:10 dilution 
and report as "soluble", not "total". \ 

16.2 Report only.th.ose values that fan within the calibration range. Samples exc~e· · ~ghest 
calibration standard must be diluted and reanalyzed as directed in Section 15. 

16.3 Report water results in mg/L, report extracted soil results in mg/kg solubl~ 

16.4 Report the following anions accordingly: · G'-' 
16.4.1 Nitrite (N02-) as N 

16.4.2 Nitrate (N03-) as N A 
16.4.3 a-Phosphate (HPO/-) as P / ~ V 

Note: Verify each calculation v~results by peer review. 

17.0 DATA REPORTING AND DELIVERAgW . 

17.1 Analysts pro. cessing samples are r s sibl or data quality and for correctly filling in the proper 
documentation. This is man ~ ality control purposes, and to provide clients with 
defensible data. · .~ -~ · 

17.2 The following must~e a ~h~ t laboratory benchsheet with each batch: 

17.2.1 Chromat taining named peaks of ions being analyzed 

17.2.2 Cali~u printouts for each ion 

17.2.3 ~p~ration standards 

1~.2-~run time report for samples analyzed 

ate: Refer to the calibration example (Attachment 23.3) and the run logbook 
example (Attachment 23.4 ). 

17. instrument run logbook must be filled in for each batch analyzed with the following 
information: 

17.3.1 Date analyzed 

17.3.2 Analyst's initials 

17.3.3 Method name and number 

17 .3.4 Calibration standards used with units 
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17.4 

17.5 

17.6 

18~0 

18.1 

17.3.5 Client name and sample numbers analyzed 

Note: Refer to the attached instrument logbook example (Attachment 23.4). 

All logbooks must be filled in completely and correctl.y. All corrections are to be m,,r-1.,. ;1~delible 
ink. Corrections are to be made with a single lineout, which is then diae ~aled. 
Write-overs are not acceptable. Erroneous results must remain legible. . y ew result is 
placed near the incorrect result. Blank lines in the logbook must be Z'd ouot. . 

All completed batch analyses must include the following: 

17 .5.1 BLK, BS and sample concentrations with units 

17.5.2 

17.5.3 Instrument number, date run, stock standa7,;~ 

17.5.4 Standard values, observed standard value~ standard numbers 

17.5.5 Refer to the attached preparation bat~xample (Attachment 23.5). 

If internal chain-of-custody (CoC) isa~ it ;. very important that CoC forms be filled in 
completely and correctly. ~~ · . 

QUALITY ASSURANCE ~ · 

Method and matrix QC s .a ~yz:d for each batch. A batch consists of a maximum of 20 
samples per matrix and be ft open for up to 24 hours. 

18.2 Method QC c~· a ank (BLK), blank spike (BS), duplicate sample (DUP), continuing 
calibration ver" catio V), continuing calibration blank (CCB), and a second-source calibration 
verificatii-'i~). 

1~.2. ~is an aliquot of laboratory reagent water analyzed once per batch of samples .. · 

1 BS is an aliquot of laboratory reagent water spiked with a known amount of anion 
· tock stan~ards .. Into 10, ml of reagent wat~r, spike 20 µL for .Fluoride, Nitrite, Nit~a~e, 

and Bromide arnons~M and 200 µL for Chloride and Sulfate anions. Acceptance hm1ts 
are listed in Element . A BS is analyzed once per a batch. 

18.2.3 A DUP is a second sample aliquot analyzed the same as the first. This is to be 
performed every ten samples. The RSD needs to be less than or equal to 20. 

18.2.3 A CCV is an aliquot of a mid-point standard. The acceptance limits are 90 - 110% of 
actual value. A CCV is analyzed at the beginning and end of each run and every 10 
readings. · 

18.2.4 A CCB is an aliquot of laboratory reagent water. A CCB is analyzed after each CCV. 
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18.2 

18.3 

18.4 

19.0 

19.1 

18.2.5 A SCV is an aliquot of known concentration, usually mid-calibration range, from the 
second source calibration standards. Acceptance limits are 90 - 110% of the 
calculated value. The SCV is analyzed once per calibration. 

Matrix QC consists of a matrix spike (MS) and matrix spike duplicate (MSD). . \ 

18.2.1 A MS is an aliquot of sample spiked with a known amount of anio~~ards. 
Into 10 . ml of filtered sample, spike 20 µL for Fluoride, Nitrite., Ni e, nd Bromide 
anions; ~nd 200 µL for Chloride and Sulfate anions. Acceptonc . are listed in 
Element . 

18.2.1.1 Method 300 At least one MS is requiredr"~ pies. 

18.2.1.1 Method 9056A At least one MS is require~ch. 

18.2.2 A MSD is a duplicate of the MS, spiked andAd the same as the MS. The 
sample volume used for the MSD needs t7;vs used for the MS. 

18.2.2.1 Method 300 No MSD require~ 

18.2.2.2 Method 9056A At least o~equired per batch. 

If any quality control parameter is oua~'is...:d control limits, initiate corrective action that 
includes the following: 11\.V: 
18.3.1 Perform corrective a~· a ance with TriMatrix SOP GR-10-106. 

18.3.2 Once corrective ion s been taken, re-analyze all samples associated with the out-
of-control eve n s ot erwise specified 

19.1.1.1 Spike four aliquots of laboratory reagent water with the SCV standard so 
concentrations are in the lower. half of the calibration range. Process the 
four spikes following every step of the procedure. Input results to the IDC 
spreadsheet located on the laboratory intranet library to calculate average 
percent recovery and relative standard deviation. Average percent 
recovery must be between 90 - 110%. Standard deviation of the average 
must be ::;20%. 
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19.1.2 

19.1.1.2 If either criterion is not met, locate and correct the source of the problem 
and repeat the study. Repeated failure however, will confirm a general 
problem with the measurement system. If this occurs, locate and correct 
the source of the problem and repeat the study. Samples ma not be 
analyzed by any analyst or on any instrument until a analyst 
demonstration of capability study has been . successful! pleted. 

Quality Assurance department. 
Copies of all IDC studies attempted, with raw data, mu~g1v to the 

A Continuing Demonstration of Capability (CDC) must be performed ~ any of the 
following approaches: v 

19.1.2.1 By repeating the IDC study. 

19.1.2.2 

19.1.2.3 

19.1.2.4 

sample analysis. 

By exclusively and success~ g a blind performance testing 
analysis during the course of r · . e s pie analysis. 

By using the last four of ~n ~ study results if run exclusively by the 
analyst. ONLY the l~o~~~ may be used. · 

Note: Co@s ~Vi. II, CDC studies and raw data must be given to 
e uali ssurance department. · 

. . 

19.2 A Method Detection Limit St 
GR-10-125. 

20.0 POLLUTION PRE~· 
20.1 Maintain an in~~emicals used in the laboratory to monitor their use. 

20.2 Never di~:}.Jratory chemicals without first referencing appropriate written instructions of 

~~articular material. 

20.3 he use of chemicals where applicable. 

20.~. with all environmental laws associated with chemicals in the laboratory. 

21.0 WASTE MANAGEMENT 

21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 
Material Safety Data Sheets are located oh the laboratory intranet library. 

21.2 To minimize the environmental impact and costs associated with the disposal of chemicals, order 
and use only the minimum amount of material required. 

21.3 Follow all instructions in Tri Matrix SOP GR-15-102 for laboratory waste disposal requirements. 
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22.0 

22.1 

22.2 

23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

REFERENCES 
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Attachment 23.1 
Retention Time Spreadsheet 

* TRIMATRIX ~~ l A B 0 R A T 0 R I E S 

Revision Number: 3.0 
Date Revised: 8/3/12 
Date Initiated: 4/1/00 

Chloride Fluoride Ill~ ' · Hitrate 
Date time std ID cone ret tim LCLRT UCL;rr cone ret lim LCL,u LJCt.I ~ rret tim LCL,u UCL.irr 

06/18/12 16:03 cal 1 :,o_oo " ·o.oo· < .. :t<i - ~ .J>~H~ ::n;::;:;: 
06/18112 :16:21; cal2 9.28 9.41 
06/18112 16:38 cal 3 

::",1:00: . 5.03( 4.95 5.09 : 0.05 ;3.77.; 3.&ql 3.87~ 1-~.05~ :iR3#.: 1------------ ..... '1'"">2""':00~:,.t-:',;=:s=.0=1.,:s,__4 • ...,..9--J-t-=5."""01~ :,0"10~. :J.747 3.64 3.85] ""':_"""~0=:1=0.,.,.§t-;9.,....,--31=1~, --=-::-=-t--'.:c-=-=-., 9.25 9.39 
06118/12 '16:56 cal4 ,a.co:·:.: ,·4_994: 4.92 5.06 · 0:40,: 3:747 3.64 ~ t-r ...... o ..... :40---"'.~""'!.9 .... 2_64'""".""':· --+----1 

~ 20:0l:H 4:994 4.92 5.06 .1 ~OIL'. 13.1~-:, - 5 3.86 ,,·0:10 ; '..9:204.: 
9.20 9.33 

06118/12 .cal5 9.14 9.27 '17.~:13. 
06/18112 17:30 cal6 60.oo 4.987 4.91 5.os 3.oo '~ 3. Ii 3.87 ,_,"""3""=:oo~J;;"'"\9 ____ 054-'-. -=1-! ----t--'.:c--=--1 9.00 9.13 
06118/12 17:48 cal7 100:00 -~:973 4.90 5.04 SJML, ll'3i1',. 3 I' 3.85 i.;.;:; ..... ·5_~00-'-'-';·~:i.._8._96_3-'l'..___......__--1 8.89 9.03 

0.12-05.1 20:56 
0.12-05.t 4:46 
0.12-05.1 10:36 

RT1 
RT2 
RT3 

60.00 4.964 
60.00 4.984' 
60.00 4.977 

I i " 3.!Ro. P-'i'.:79~ 
3. 00 .ulll7 . 

.._"\_OO .n21 

I 06122/12110:13 I CCV '~ i--;...;.~~"'""""'~----'~___.I I so.oo I 4.99 I ........_' .. )un L3:n 

Nitrite I ' Sulfate 
Date time std ID cone ret !im l r 1 UC~ cone ret tim LCL.m UCL.;rr 

/3~00'· .:·,9:16: 
3.00 9:177: 
3.00 /9.17-~·: 

Bromide 

cone ret fiJn LC~T UCL;.; 
,_o,,..,61,..-1"""a,_11'""2-16-:~03-+--ca1-1--+ o.oo 1 11 - o.oo :;; . .-. , .. · 

06/18/12 16:21 cal 2 0.05 ~1' 5.98 ..-,.,-., 1'--_00~· :+;"":1'--_4=n---+-------------+ JO:os:~ ;~};:'{:.''.'~'.':':\ 
1-06/-1-a1_1_2+-1-6-:38-+-ca1-3---+ 0.10 jE_59 ,..81 5.95 2.00· H&f 1-;,"-=_o-:: 1~0.,.,,?t"".:~,-.::: .. ,:-..... ,=-t.;--i---., 

7.43 7.58 
7.44 7.58 

06118112 16:56 ca14 o.4U"' .. ~4 ~o 5.94 a.oo _ 1,.-ir <0:40~;,._., - ,. 
t-06l-:-1..,.8/-1~2+-1--7-:1-3+--c-al_5_ :'\'U1'~ c5_~ 5.79 5.93 t-,-20-_-oo-"-:+~ .... ,, .... ,334_:'+------- t-·;]:.;....J_:oo----'-'-:r;t-;~='1':.;._',;f._,_,_'l~,"+;: --+----1 

7.38 7.53 
7.29 7.43 

06118/12 17:30 cal 6 llli.3.lll: > Mi_~ 5.77 5.91 60.00; ,7:1#: ·3_00:;; './: '> 7.10 7.24 
06/18112 17:48 cal7 __ 'llllllMlr: .: ~o17 5.74 5.88 100]l0 7.017. : 5.00'~ ~ > :· 6.97 7.12 

=-=-:==-::T-::'=-=c::-r--=:::i•JI,...---.~ ... ,. --~-~~----
0.12-05.1 20:56 RTll :i'-'10(: '5.857 60.00' ''7QT EiE3 
0.12-05.1 4:46 ~~.... ~-00 5.874 60.00 7.25 ' 
0.12-05.1 10:3€. "' RT 3~ .....,""' ... 3.00 5.867 60.00 7.254 . 

• • 
06/22112 1°'1 ~ 

-""' .... '5--
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Attachment 23.3 
Calibration Example 

EPA 300.0l'SW84M058 
18.Ge.1217~ 

15.ao 

Pea.Ir.Name C.l.Type ~ Cffff.Det. 
% 

Flu«~ QOIT 6 99.9'9f8 
QW;fl(te l.01'1 7 9USS2 

N.l:/ill;t. QOft 6 99.S&!I§ 
~ LOff 7 99.9$44 
Nlltab9 QOfl 6 99.liiSf4 

99.9005 

OffMt 

-0.CQ71) 
o.11a-1 
0.1~'9 

0.22'37 
o.iooa 

Q.1343 

Revision Number: 3.0 
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Slope C4irve 

2.2543 --0.0:}12 
1.3S44 . 00000 

21.34!'.I' -U030 
1.0010 OJlOOO 
f.4.3933 -il.773f 
a.om -0.3825 

01romereoo (c) c::toN.o: 1996-20CH 
Vl!rS!On a 70 SP211 Buki 187; 
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Attachment 23.4 
Instrument Number 306 Run Logbook 

~ TRIMATRIX ··l~BOl'IATC~IES 
Instrument Number 306 

Dionex ICS-2000 

Date: _7~~:..:..--"--\ .:>;;...___ ouanms:ion Mamo<I.: A::,.\i. AnaP/tical Column;: \Ct_)c.q~ 3 
Sy~ 0-~or lniliata: ~"S1.. PTogram Melhod: f*b) ';<,, ?;>"'-\,.._ Guare Column ";;?C'i o9 W 

Samplo 
~rne 

Revision Number: 3.0 
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TriMatrit Laboratories, Inc. 

Work Order Analvsis 
0608181 Chloride 300.0 

Lab Niunber Conlilin l'rtpMed 

OOJ9404-BLK1 Aug-14-061500 

0009404-BS 1 Aug-14-061500 

0009404-MS1 Aug-14-06 15 CO 

0009404-MSD1 Aug-14-0615:00 

0608181-01 A Aug-14-0615:00 

0008181--02 A Aug-14-06 15 00 

0608181-04 A Aug-14-061500 

0008181-05 A Aug-14-f..615:00 

0608181-00 A Aug-14-0615.00 

0608181--07 A Aug-14-0615:00 

0608181-08 A Aug-14-0615 00 

0008181-09 A Aug-14-06 15 00 

0008181-10 A Aug-14-06 15 00 

0008181-11 A 

0608181-12 A 
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Attachment 23.5 
Preparation Batch Report Example 

PREPARATION BATCH j 0609404 j Page I of I 

Inorganic -Wet Chemistry, Water, General Inorganic Prep 
(No Surrogate) 

Batch Comments: (none) 

Wolk Order Analv;is 

Initial Fullll Ill 
(lllL) (lllL) Sl/frogatt Smlrre ID Spike ID 

10 10 

10 10 

10 10 0008181--01 

10 10 

10 10 

10 10 

10 10 

10 10 

10 

Revision Number: 3.0 
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Revision Number: 
Date Revised: 
Date Initiated: 

Element™ Data Qualifiers for Method Blanks (DoD) 

Qualifier 
# 

Element Data Qualifiers (DoD Method Blanks), 

Quallfler 

Equati 
Method Blank (MB) S 

! CondlUonal 

. . !The analyte concentration .In the associated MB was greater lhan or equal to 112 lhe RL The positive samimJ 
DoD 10 result. Which wa5 less ihan 5 times the MB value. is considered estimated.. ! 

3.0 
8/3/12 
4/1/00 

Action 
Re u1red 

estimate 

The ana!yte coocentration in the associiited MB for this common lab coolaminant was greater than or equal L' . .. ! t 
Do01 l _ the RL. The positive sample. resutL wtiic:h was less lhi:Jn S times the MB vatU_e. i5 can~ estimated. ·. .~>..:./:_,O,,.,.Sc.c"~r--~+ S<S"MB estimate 

- The analyte concentration In the MB for thi5 common lab contaminant "'lS greater than or equal to the RL Aj . ., . :I'. s-RL. · ·-· non···e-·-
. DoD 12 . associated Samples tlad resiiltS less than the RL. No~~~~- · - ~ 

The analyte concentration in the MB for this common lab coritaminant was greater than 112 the Rl. bu1 tess 
Do013 than or al to the RL AU associated sam 1es had results less than thEi RL No corrective action~ tied l 

The anatyte concentration in the associatt!d MB was greater than or equ3r lo 112 the RL The .-..__,.,..,,.;,.J 
Do014 result. which ·...as realer than 5 timeS the MB value. is not cOMidered es~. 

Do024 

Do025 

Do026 

DoD27 

Do028 

The anafyte eoncentration in the MB for this common lab c 
All assoeiated sam es had reSiil!S less than the LOO .. No 
The anal~e concentration in the MB for ttUs common . greafl!rlhan 112 lhe LOO, .but less 

Ille LOO. No eorrective action is than or equal !O tlie LOO.· All assoCiated sariiples ...-~ .. ~ 
r uired. 

than or equal to 112 the Lo0.: The positive 
. is not considered estimaied. 

·1ab conlaminanl'was greater than 1/2 the LOO, but less 
less lli311 10 limes Ille MB vah.te. IS coriSidered 

for this common lab corrtaminant was greater. than or equal ~ · 
w•i.L",..11.'i.ii'ict! was greater .than 10 times the MB value. is not considered ! 
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MB>l"°.S'Rl 

MB>f=LOQ 

0.5'LOQ•MB<LOQ 

MB>i=0.5"L0o 

0.5"LOO<MB<LOO 

MB>/=LOO 

ScRL none 

S>5"MB nOne 

S<LOQ none 

S•LOQ none 

S>10"MB none 

S<10"M8 estimate 

S>IO"MB none 
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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

2.1 

2.2 

SCOPE AND APPLICATION 

This is a purge and trap capillary column gas chromatography (GC) method used to determine 
volatile organic compounds in a variety of matrices. This procedure is applicable to nearly all 
sample matrices including groundwater, municipal and industrial discharges, aqu~dges, 
caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, fibrous was lymeric 
emulsions, filter cakes, spent carbons, spent catalysts, soils and sediments.~ An lytical 
technique (GC/MS) is used when needed to confirm reportable measurements 

Analytes routinely analyzed by TriMatrix Laboratories are listed with the rre ·ng reporting 
limit in Attachment 23.1, Table t. Actual reporting limits will be highe or hig ly concentrated 
samples requiring dilution and/or methanol extraction preparati5r mples with low 
percent solids. The applicable concentration range is instrument d co pound dependent but 
is generally 1.0 to 200 ug/L for water samples and 0.01 to 100 mg/k r /solid samples. 

Two of the isomeric xylenes are not resolved on the capill~~'l"m and must be reported as an 
isomeric pair (meta-xylene and para-xylene). ~ 

This procedure is used when analyzing volatile comp s · ccordance with methods 601 , 602 
and 8021 B. The GC system may be set up so~ngle~ ctor is used when only analyzing for 
aromatics (602/8021 B) or halogenates (601/802 ·-y 
This procedure outlines in detail tt ~hods 6011602 differ from method 80218. 
Wastewater analysis tor effluent repo

1

0'Y;,.' accordance with method 601/602. 

3.0 SUMMARY OF PROCEDURE 

3.1 An inert gas (helium) is bubbled through a 5 ml water sample, a 5 g soil sample or a 5 ml water 
sample containing an aliquot of a soil/methanol extract, transferring the purgeable organics from 
the aqueous phase to the vapor phase. The vapor phase is swept through a sorbent trap where 

gr03105 6.3.doc 
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3.2 

3.3 

4.0 

4.1 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

the purgeables are absorbed. After purging, the trap is backflushed with the inert gas to desorb 
the compounds onto a gas chromatographic column. 

After introduction, the gas chromatograph is temperature programmed to separate the organic 
compounds of interest using a capillary column. Reporting is achieved ~Y ither: a 
photoionization detector (PID) and/or an electrolytic conductivity detector (ELCD) i s. The 
PID is used for detecting aromatic compounds and compounds with doublei, · e the 
ELCD is used for detecting halogenated compounds. Tentative identificatio ar obtained by 
analyzing standards under the same conditions used for samples and c ring analyte 

. rete.ntion times. Concentrations are measured by relating the resp~ ed for that 
compound to the response produced by a compound that is used as an ii~ndard. 

This method can be used for most volatile organic compounds that ave iling points below 200 
° C and are insoluble or slightly soluble in water. Water-soluble vol · s y be analyzed by this 

1. 

PARAMETER OR COMPOUND LIST 

Refer to Table 1 S/ 
REFERENCED SOPs r'\, v 
TriMatrix SOP GR-04-105, Clo~·~rge and Trap Extraction for Volatile Organics in Soil 
and Waste Samples, late7~ 

TriMatrix SOP GR-3~12 ~o~ L oratory. Co.rrective Actions, latest revision 

TriMatrix SOP GR- boratory Waste Disposal, latest revision 

TriMatrix SOP R-1 j , Element' Data Transfer and Review, latest revision 

TriMatri -125, Method Detection Limit (MDL), latest revision 

6.2 Sample contamination can also cause raised reporting limits or false positives, and can come 
from a variety of sources. Improper sampling techniques can contaminate the sample at the job 
site. During shipment and storage, volatile organics (particularly methylene chloride and 
fluorocarbons) can diffuse through the septum and into the sample. A trip blank prepared from 
reagent water and carried through the sampling and handling protOcol will serve as a check on 
such contamination, 

gr03105 6.3.doc 
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6.3 

6.4 

6.5 

6.6 

7.0 

7.1 

7.2 

7.3 

During analysis, contamination can come from impurities in the purge gas, or from organic 
compounds outgassing from the plumbing ahead of the trap where they were deposited by a 
previously analyzed high-level sample. To reduce this, the use of non-PTFE plastic tubing, non
PTFE thread sealants, and flow controllers with rubber components in the purging device have 
been eliminated where possible. ~ 

Contamination by carry-over can occur whenever high level and low llv am s are 
sequentially. analyzed. To reduce ca. rry-over, the purging device and sampl yr· e is insed 
with reagent water between samples. Where practical, sample~·m usually high 
concentrations should be followed by an analysis of reagent wat k for cross 
contamination. If the compounds present in high concentrations are als prese t in subsequent 
samples, the analyst must demonstrate that the positive result~n to carryover by 
reanalysis of the samples. However, if the compounds are n pres t in the subsequent 
sample, then reanalysis is not necessary. . 

The trap and other parts of the system are also subje~c amination; therefore, frequent 
bakeout and purging of the entire system may be requ· d. the ontamination is persistent, the 
complete purge and trap system should be purg fir 100° C reagent water, then, if 
necessary, with methanol. If methanol is used, eith c ect the trap or install a blank trap, 
as the methanol will adversely affect the trap's ~orma~ . 

For samples containing large amounts of ~·r-sM"materials, suspended solids, high boiling 
compounds or high organohalide levee· ecessary to wash out the purging device with 
a detergent solution, rinse it with d' illed a r, and then dry it in a 105° C oven between 
analyses. 

SAFETY PRECAUTION~~ 
Wear a laboratory coa ~n~proved safety glasses while in the laboratory. In addition, 
disposable gloves rn whenever samples or reagents are handled. 

Follow all instetion o ined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. 

For I ag.ste disposal, refer to TriMatrix SOP GR-15-102. 

l' oxicity and/or carcinogenicity of reagents used in this procedure have not been 
efined. 

Treat all chemicals as a potential health hazard. 

7.4.2 Reduce exposure to the lowest possible level by adherence to established safety 
policies. 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

7.5 Waste samples can be highly toxic and varied. Treat any exposure as a potential danger and 
immediately decontaminate the exposure. Clean ·waste-contaminated personal protective 
equipment before using again. 

gr03105 6.3.doc 
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. 7.6 

8.0 

8.1 

8.2 

Bring all safety issues to the attention of the Area Supervisor and/or Health and Safety Officer . 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDURES \ 

Sample Collection ~~ 

screw-cap VOA vials with PTFE-lined silicone septa. Gent 1 e bottles· to 
8.1.1 Collect all aqueous and liq. uid wast.e sample. s in du. plicate 4m· silicate glass 

overflowing to minimize .loss of volatiles. No air bubbles s uld ss through the 
sample as the bottle is filled, or be trapped in the sam~ ottle is sealed. 
Invert the vial to confirm that there is no headspace pre nt. I here is headspace or 
bubbles larger than 5-6 mm in diameter, refill a new pres d I. 

8.1.2 

Volatile Organics in Soil and Waste Sampl , I s sion. 

Collect soil/sludge/solid waste samples in acc~nc ith USEPA Method 5035, as 
specified in TriMatrix SOP GR-04-105,. C~os. te Purge and Trap Extraction for 

Sample Preservation v . 
8.2.1 Aqueous Samples "- ; 

8.2.1.1 For aqueous s~le~Msample contains residual chlorine, collect the 
sample in a 2 L c tainer which has been pre-preserved with 4 drops 
of 10% s u tli ate solution. Gently swirl to mix sample and transfer 
to a 4 · I. Cool to 0 - 6° C and adjust pH to <2 with HCI. EPA 
Me and 330.5 may be used for measurements of residual 

Fiel test kits are also available for this purpose. 

8.2.1.2 ·x Laboratories supplies all clientele with 40 ml VOA vials which are . a. e-preserved with HCI. If the. vials were not supplied by the labora.tory, 
are not pre-preserved, fill vials and adjust the pH to <2 by carefully 

dding two drops of 1 :1 HCI to each sample. Seal the sample bottle, 

G PFTE-face down, and cool to 0 - 6° C. 

. For samples requiring analysis by EPA Method 602, if samples are 
received unpreserved, the hold time is 7 days from the date and time of 

..... ~ . collection. · . 

V 8.2.1.4 For samples requiring analysis by EPA Method 601, the samples may be 
collected· in unpreserved vials. The hold time will remain at 14 days from 
the date of collection. 

8.2.2 Soil/Sludge/Waste Samples 

8.2.2.1 The preservation techniques for soils, sludges, and wastes are detailed in 
TriMatrix SOP number GR-04-105, Closed System Purge and Trap 
Extraction for Volatile Organics in Soil and Waste Samples, most current 
version. 

gr03105 6.3.doc 
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8.3 Trip Blanks - Aqueous Samples Only 

8.4 

9.0 

9.1 

8.3.1 A trip blank should accompany eac.h sample set into the field and back. A sample set 
is composed of the samples collected from the same general sample site at 
approximately the same time. At the laboratory, fill a.pre-preserved sample ttle with 
reagent water, seal, and ship to the sampling site along with empty s I bottles. 
Wherever a set of samples is shipped and stored, it is accompanied~ ap riate 
trip blank. 

Sample Storage "" 

8.4.1 The samples must be chilled to 0 - 6° C on the day of col ~aintained at that 
temperature until analysis. Field samples that will not b recei d at the laboratory on 
the day of collection must be packaged for shipment wit uffi ent ice to ensure that 

8.4.2 

8.4.3 

they will be at 0 - 6° C upon arrival to the labora~o · 

Store samples at 0 - 6° C until analysis. T a to . sample storage area must be 
free of organic solvent vapors. Soils, slu es n stes are stored separately from 
aqueous samples. To monitor potential cro co ination, storage blanks will be put 
in each refrigerator used for sample ~~:1 e storage blanks will be replaced and 
analyzed by the GC/MS lab on a weeklV 

Analyze all samples within ollection. Samples not analyzed within this 
period must be qualified as stima he only exceptions to this rule are for samples 
for EPA Methods 60~s tailed in Section 8.2. 

INSTRUMENTATION, AP.ll~o MATERIALS 

Glassware and Har~"' 
• Clas~~flasks- 10 ml, 50 ml, 100 ml, 250 ml, 500 ml 

9/""i~ micro syringes - 2 µl, 10 µl, 100 µl, 1000 µl 

~erlock syringes 

~ or 125 ml wide mouth septum or PTFE-lined jar 

~ • 40 ml PTFE~ined, screw-<:ap septum vials 

• 20 ml PTFE-lined, screw-cap septum vials 

• 4 ml PTFE-lined, screw.:Cap septum vials (for transfer of methanol extracts) 

• refrigerator 

• pH test strips 

• thin metal spatulas 

gr03.105 6.3.doc 
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• analytical balance - 0.0001 g 

• top-loading balance - 0.01 g 

• pasteur pipettes (disposable)· 

• pipette bulb 

9.2 Instrumentation 

9.2.1 Autosamplers 

• 0. I. Analytical 4552 (Archon) 

9.2.2 

• Dynatech PTA 30 WIS A 
Concentrators /,; v 

Revision Number: 6.3 
Date Revised: 2/17/12 
Date Initiated: 11/27/95 

~~ 
VO 

• Tekmar LSC-2000 and EST Encon v 
Recommended conditions: V 
• Trap:. Vocarb 3000 (othae'"··· · ~be substituted if demonstrating acceptable 

performance) '-SV' 
• Purge Gas: Heliu~ /minute 

•Purge 11 mi~ ~b~ temperature (45° Cheated purge for soil samples) 

• Desorb 2 mi ~e~50° C · 

• Injector Temperature: 200° C 

• PID Detector Temperature: 220° C 

• ELCO Reactor Temperature: 900-980° C 

• ELCO Reactor Base Temperature: 220° C 

• ELCO Reaction Gas: Hydrogen 60 ml/minute 
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9.2.4 

9.2.5 

• ELCO Solvent: n-Propanol 35 ul/minute 

Current Columns and Conditions (See Attachment 23.3, Table 3 - Elution Order on 

DB-VRX): · ' 

• 75m x 0.45 mm ID wid.e-bore capillary column, 1.55 um film thickne~~ntific 
08-VRX or equivalent) 

• Temperature Program: 35° C for 12 minutes, then ramp to g minute, hold 
1.0 minute, ramp 17°/minute to 100° hold 3 minutes, ramp 1 /minu to 225° hold 4 
minutes. , CJ 

•Carrier Flow: Helium@ 10 ml/minute 

•Make up flow: Helium@ 35 ml/minute (45 rrAtotal) 

•See Attachment 23.7, Figure 4 - E~~J# "Matogram on DB-VRX (HECD 
detector) Standard List and Attachment , F re 5 - Example Chromatogram on 
DB-VRX (PIO detector) Standard L' ~ · 

Alternate Column (for aromatic a~sis ¥ 
• 30m x 0.53 mm ID wide./::).,~ column, 3 um film thickness (J&W Scientific 
DB-624orequival~et ~V 

• Temperature~r . then ramp at 6.5°/minute to 110°, 20°/minute to 220°, 
hold 2 minute 

• Carrier~ m inute 

• M~ : 30 ml/minute (40 ml/minute total) 

romatics List. . G 
ment 23.6, Figure 3 - Example Chromatogram on DB-624 (PIO detector) 

9~ Acquisition 

A. ~~PE Nelson Turbochrom Data Acquisition System 

"-J Note: Refer to the Equipment List located on the laboratory intranet library for a 
full description of minimum and current instrument specifications. 

Note: Refer to the Information Technology (IT) department's Computer Inventory 
Database for minimum and current computer and software specifications 
associated with the analytical instrument. 

10.0 ROUTINE PREVENTIVE MAINTENANCE 

gr03105 6.3.doc 
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10.1 Gas Chromatographs 

10.1.1 Change septa weekly or as needed 

Revision Number: 6.3 
Date Revised: 2/17/12 
Date Initiated: 11/27/95 

10 .1.2 Change gas scrubber traps yearly or as needed \ 

10.1.3 Clip or replace GC column as needed n ~ 
10.1.4 Check column head pressure daily "' 

10.1.5 Check gas cylinder pressure daily and change if needed ·CJo. 
10 .2 Detectors 

10.2.1 Check detector signals daily A 
10.2.2 Clean or replace PID lamps as needed / ~ v 
10.2.3 Check and refill ELCO solvent reservoir dav 

10.2.4 Replace ELCO resin cartridge every 3~ 
10.2.5 Replace ELCO reaction tub~ 
10.2.6 Backflush and repla~~ line if particulates accumulate 

10.3 Purge and Trap ~· ~ . 

10.3.1 Bake out trap ~l~re se . 

10.3.2 Checkp~eekly . 

10.3.3 EmA~ and fill rinse bottles daily . 

10.3.4 l"f e~ntrator pressures 

1~ Vand fill internal/surrogate standard syringe daily 

11.Q. ~SANDREAGENTS 
11.~micals 

• Reagent water (organic free) - produced from double-distilled reverse osmosis fed water, 
followed by purging with helium for 30 minutes. 

• Methanol (purge and trap grade) 

• Pure stock standard materials or certified stock standards (96% pure or greater) 

• 1 :1 Hydrochloric Acid 
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• Sodium bisulfate, NaHS04 - ACS reagent grade or equivalent 

12.0 STANDARDS PREPARATION \ 

12.1 All standards used in the laboratory must be recorded in Elementr". Standa~d ~· part 
number, lot number, concentration, solvent, purity are recorded. Each standar: s en a unique 
ID number. If the standard used is a commercially prepared standard, th(Je e of analysis 
must be kept on file to ensure standard traceability. 

12.2 Stock & Intermediate Standard Storage Requirements Q 
12.2.1 Gas standards should be monitored closely for degradati S k standards for gases 

usually will need to be replaced after one month. rme e gas standards usually 
will need to be replaced after one week. If the tinu calibration standard varies by 

prepared. The first compound to fail will ne II. dichlorodifluoromethane, so it's 
response should be monitored closely. 

more than 15% from the initial calibration ~u , n ew gas standard needs to be 

12.2.2 All other stock standards may be ~t uO: to 6 months or as recommended by 
manufacturer. Intermediate sta-d~·"M'so be kept for up to 6 months; however, 
they should be continuouslG't degradation by comparison of the response 
of the compounds in dai co g calibration standards to that of the initial 
calibration curve. 

12.2.3 2-Chloroethyl-v~·nyl ~ be prepared separately from the other compounds due 
to its reactivity. e~~~ndards should be prepared fresh monthly. 

12.2.4 All stock ~~e le standards are to be stored with minimal headspace at -10° C 
to -20° C. 

12.3 Stock Standar~ 
12.3 .. 1 @itoc~.tions may be prepared from pure standard materials or purchased as 

certi d solutions. Commercially prepared stock standards. can be used at any 
ntration if they are certified by the manufacturer or by an independent source. 

he stock standards used for calibration and the laboratory control standard are 
urchased at a concentration of 2000 ug/ml. 

.2 If preparing stock standards from neat compounds, no correction factor is needed 
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when the chemical has a purity of greater than or equal to 96%. If the purity is less 
than 96%, the concentration must be corrected to calculate the true value. Prepare 
stock standard solutions in methanol using assayed liquids. Transfer the stock 
standard solution into PTFE-sealed screw-cap bottles. Store in a freezer separate 
from samples and protect from light. The 2-chloroethyl-vinyl ether and internal and 
surrogate spiking standards are prepared from neat compounds. 

12.3.2.1 Gravimetric Method 
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12.4 

10,000 ug/ml stock standard: Weigh 0.5 g of each analyte (neat) into a 50 
ml volumetric flask partially filled with methanol which has been tared on 
an analytical balance. The weight is recorded to the nearest 0.0001 g. 
The volumetric is. then diluted to volume with methanol, :P~ and 
inverted three times to ensure proper mixing. To estimate t.he ap oximate 
volume of neat compound to inject use the following equation-

[ denlsity l x 500 = uL of analyte of interest o~ 
· 12.3.2.2 Stock Standards for Internal/Surrogate Stand i 

Prepare a mixture of Fluorobenzene a 2- omo-1-chloropropane 

d4, (surrogate standards), at 10,00 g/m ach as in 12.3.2.1 above. 

Note: If only aromatics e b alyzed, Fluorobenzene may be 
used as the o int al standard, since 2-Bromo-1-
chloropropa~ not~ cted on the PIO. 

Intermediate Standards '-.. Y 
12.4.1 200 ug/ml Intermediate str:AV 

This standard is pre e .~nol by diluting an aliquot of a purchased certified 
solution into a 1 vial. Fill the vial with 900 µl of purge and trap grade 
methanol, then 10 l of the 2000 ug/ml certified stock standard. If a neat stock 
standard is u , 1 ct 2 µl of each 10,000 ug/ml stock standard (12.3.2.1) into the 

vert times to mix. 

12.4.2 ·250g rna7Surrogate Standard 

tand d is prepared by diluting an aliquot of the 10,000 ug/ml neat stock 
o a 100 ml volumetric flask . 

. 1 Prepare a working standard at 250 ug/ml by injecting 2.50 ml of the 
10,000 ug/ml stock internal/surrogate standard (Section 12.3.2.2) into a 

· 100 ml volumetric flask partially filled with methanol. Dilute to the mark 
with methanol, stopper and invert 3 times to mix. The Archon and PTA 30 
WIS autosamplers will automatically add 1 µl to each 5 ml sample aliquot 
prior to purging. 

12.5 Working Standards 

12.5.1 
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Working standards are prepared in water in either a 50 ml volumetric or a 5 ml 
syringe using the formula below: 
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where: 

Vs= volume of stock to inject (µL) 
Ct= final concentration of working standard (ug/L) ~ 
Vt= final volume of working standard (µL) 
Cs = concentration of stock (ug/L) n 
Working standards are prepared as needed and are not retained. ~ 

12.6 Laboratory Control Standard (LCS) - 100 ug/ml 0 
12.6.1 This standard is prepared in methanol by diluting an al~ot a purchased certified 

solution into a 1 ml mini-inert vial. Fill the vial with 90 · L purge and trap grade 
methanol, then add 50 µL of the 2000 ug/ml ce~ifi tocks dard. 

12.6.2 The LCS standard must be prepared fro~s ce fferent than that used for the 
initial calibration. and will be used to verify e ce of the initial calibration. This 
solution will also be used for matrix spikes. v . 

:::~ ::~:: :::::::~03: WIS Q ~amplera the samples will ~sentially need no 
preparation - the 40 ml vial d directly into the autosampler. The autosampler will 
take a 5 ml aliquot of th amp add 1.0 µL of internal/surrogate standards, and transfer the 
sample to the sparge rior o initiating the purging sequence. If a dilution is required, 
prepare the dilution by appropriate aliquot of the sample to a 50 ml volumetric flask % 
full of reagent wate to volume. Cover the flask with parafilm and invert while swirling. 
Repeat two mo ransfer the diluted sample to a new 40 ml vial and place on the 
autosampler i an s . Since this process of taking an aliquot destroys the validity of the 
sample for fl.i re a lysis, if only one sample vial has been provided, the analyst should 
immedi~~~I~ e remaining sample in a 20 ml vial with no headspace, to be used if 

s~wsis is necessary. . 

1 atrix spikes will be prepared by combining sample aliquots to a 100 ml volumetric 
ask and filling to approximately % full. Add 15 µL of the 200 ug/ml intermediate 

standard, and bring to volume with additional sample. Cover with parafilm, invert and 
swirl three times. Transfer the spiked sample to two new 40 ml vials and add to the 
autosampler for analysis. 

13.2 Soil/Sludge and Waste Samples: 

13.2.1 
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Low Concentration Method: This is designed for samples containing individual 
purgeable compounds of <1 mg/kg. TriMatrix employs two methods for the low-level 
soils. The closed system purge and trap by EPA method 5035 is based on purging a 
heated 5-gram sample collected in a vial pre-preserved with a sodium bisulfate 
solution. This procedure is described in detail in TriMatrix SOP GR-04-105. The vial 
will be loaded directly onto the autosampler for analysis. The other method, based on 
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the older 50308 method preparation is detailed below. It is based on purging a heated 
sample mixed with organic-free reagent water containing the internal/surrogate 
standard and, if applicable, matrix spiking standards. Analyze all blanks, spikes, 
standards, and samples under the same conditions as the samples. 

13.2.1.1 Use a 5 g sample if the expected concentration is <0.2 mnIL-n lr a 1 g 
sample for expected concentrations between 0.1 and 1 la~ 

13.2.1.2 A heated purge calibration curve must be prepare used for the 
quantitation of all samples analyzed with the low. on ion method. 
Follow the initial and daily calibration instructions, cept r the addition of 
a 45° purge temperature. Q 

13.2.1.3 The sample (for volatile organics) consists th ntire contents of the 
sample container. Do not discard sup atant liquids. Mix the 
contents of the sample container · a n ow metal spatula. Weigh the 

13.2.1.4 

amount determined in sectio~. 1 ectly into a new 40 ml vial 
containing a PTFE-coated m e · s ar. Note and record the actual 
weight to the nearest 0.1 g. 5 l of reagent water using a 5 ml 
luerlock syringe to the ~le~ ap the vial. Transfer the vial to the 
autosampler for analysis. V . 
The remaining~~ -t-;_ are the same for both the 50308 and 5035 
prepared samp s. ~~ampler will automatically add an additional 5 

before p in the sample to 45° C while purging. Refer to section 
. ml of wa~er I wit 1 µl of the IS/SS standard to the. sample container 

9.2e;2 f ded purge and trap procedures. 

13.2.1.5 F m · sp es for samples prepared via Method 50308, add 1.0 µl of 
th 00 ml intermediate stock standard to a 5 ml of reagent water prior 

~"'llililll"IClg the water to the sample vial. For samples prepares via Method . 0 35, add the matrix spike to the sample·by inject 1.0 µl of the 200 ug/ml 
·n mediate standard through the septa and into the sodium bisulfate 
ayer. This will give a final spike concentration of 0.040 ug/kg. Spiking r :- amounts are subject to change. 

1~.2. ~oncentration Method: The method is based on extracting the soil/sludge with 
. ethanol. A waste sample is either extracted or diluted, depending on its solubility in 

methanol. An aliquot of the extract is added to organic-free reagent water. . This is 
purged at ambient temperature~ All samples with an expected concentration of >1.0 
mg/kg should be analyzed by this method. For samples prepared by SW-846 Method 
5035, refer to TriMatrix SOP number GR-04-105, Closed System Purge and Trap 
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Extraction for Volatile Organics in Soil and Waste Samples. For samples prepared by 
SW-846 Method 50308, follow the procedure detailed below. 

13.2.2.1 The sample (for volatile organics) consists of the entire contents of the 
sample container. Do not discard any supernatant liquids. Mix the 
contents of the sample container with a narrow metal spatula. For 
sediment/soil and waste that are insoluble in methanol, weigh 10 g (wet 
weight) of sample into a tared 20 ml vial. Use a top loading balance. 
Note and record the actual weight to 0.1 g. For waste that is soluble in 
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13.2.2.2 

13.2.2.3 

13.2.2.4 

13.2.2.5 

methanol, weigh 1 g (wet weight) into a tared 20 ml vial or a 10 ml 
volumetric flask. 

For sediment/soil or solid waste, quickly add 10 ml of methanol to the vial. 
For a methanol miscible sample, dilute the sample to 10 :~h the 
methanol. Cap and shake for 2 minutes. 

Note: If the sample is from the State of MichigaAust a so be 
sonicated for 20 minutes in an ultrasonkl·c b ~shaking. 

Note: Sections 13.2.2.1 and 13.2.2.2 must b perfo ed rapidly and 
without interruption to avoid los6 · rganics. These 
steps must be performed in a abor ry free from solvent 
fumes. 

After settling has occurred, transfe~pro ately 4 ml of the extract into 
a vial for storage, using a ~i s e et. The remainder may be 
discarded. These extracts sh d s a at 0 - 6° C in the dark, prior to 
analysis. 

For each batch of sam~ pr~ped the analyst must also prepare a 
Method Preparation ank~and a Laboratory Fortified Blank (LFB). 
The MPS will~ c 5 L of reagent water spiked with 1.0 ml of 
methanol. The FB i r ared by spiking 50 ml of reagent water with 15 
µL of the 20 u L i rmediate standard, along with 985 µL of methanol. 
The LFB n n will be 2.0 mg/kg. 

If~ aen . procedure was followed, use the estimated concen. t.ratio. n to 
d r the appropriate volume of methanol extract to add to the 5 ml of 
o ic- reagent water for analysis. Otherwise, estimate the 

••lillitration range of the sample from the low concentration analysis to 

a terrnine the appropriate volume. If the sample was submitted as a high 
centration sample, start with 1 ml. All dilutions should keep the 

· upper half of the linear range of the curve . Ci 
esponse of the major constituents (previously saturated peaks) in the 

. 6 Add 1.0 mL of the sample to a 50 ml volumetric flask % full of reagent 
water, and bring to volume. Cover with parafilm, and invert and swirl three 
times. Transfer to a new 40 ml vial and place on the autosampler for 
analysis. The sample will be analyzed under the same conditions as the 
aqueous samples. Refer to Section 9.2.2 for recommended purge and 
trap procedures. 

13.2.2. 7 Matrix spikes prepared by spiking 50 ml of reagent water with 15 µL of the 
200 ug/mL intermediate standard, along with 1.0 ml of the methanol 
extracted sample. The matrix spike concentration will be 2.0 mg/kg. 

14.0 CALIBRATION PROCEDURES 
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14.1 Initial Calibration - internal standard calibration will be used to calibrate the analytes in this 
procedure 

14.1.1 

14.1.2 

14.1.3 

Daily Blank: For Dynatech PTA 30 and 0.1. 4552 autosamplers, place a 40 ml vial into 
the autosampler. The autosampler will automatically add the desired amoun of IS/SS 
standard. If the blank shows a contamination peak, reagent water m o helium 
purged and the blank rerun until the s.ystem is contaminant free. Sa~na 
not begin until the system has been demonstrated to be free of co m· ation 
successful analysis of a clean blank. 

Standards: Seven standards will be u. sed in the generation ~libration curve. 
One of the standards should be at a concentration at or~~rting limit. The 
other concentrations should define the working rang of th detector. All target 
compounds must be included in the calibration curve. e tosampler will add a 
constant amount of internal standard/surrogate so · to e calibration standard. A 
constant volume of methanol is also prese in ch standard. Analyze each 
calibration standard, beginning with the lowe a pro eding to the highest, and plot 
a calibration curve of peak heights vs. n t · s of the standards. Use an 
unweighted regression model that does for · the line through the origin, and 
calculate the coefficient of determin~on (C 1-2. An acceptable COD is 0.990 or 
higher. Alternatively, if the %RSD is le th or equal to 20%, the average calibration 
factor may be used. "-. ; 

Note: When preparin~sta~¥r the low-level soil closed system purge and 
trap method al tand ds must contain the sodium bisulfate preservative, 
rather th~. e ter. 

The curve leve~ay due to the type and sensitivity of the detector(s) used. The 
standard leve s are , 4, 8, 12, 20, 40, 80 ug/L. Other levels may be substituted if 
sensitivity ch es. owever, the low point of the curve must be at or below tlrle 
reporting.._.._ ..... ~ 

14.1 .4 mples and methanol extracts, prepare the calibration standards in 50 
ic flasks. Add the appropriate amount of intermediate stock standards 

ct1 .4.1) as determined in 12.5.1, along with additional methanol to add up to a 
total lvent volume of 1.0 ml, to a 50 ml volumetric flask partially filled with water. 

· to volume with water, cover with parafilm, and invert three times to mix. Pour off 
e contents in the neck of the volumetric, and fill a pre-cleaned 40 ml vial with the 
em~inder. The autosamplers will add the IS/SS (Section 12.4.2) automatically before 

purging. 

. .5 For low-level soil samples, prepare the calibration standards in a 5 ml luerlock 
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syringe. Add the appropriate amount of intermediate stock standards (Section 12.4.1) 
as determined in 12.5.1, along with additional methanol to add up to a total solvent 
volume of 100 µl, to 5 ml of reagent water. Invert the syringe three times, then 
transfer to a new 40 ml vial. 

Note: If the samples to be analyzed are preserved in sodium bisulfate, the curve 
must be prepared with the sodium bisulfate reagent (1 g/5ml of water), 
rather than with reagent water. 
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14.2 

14.1.6 Prepare a separate-source LCS standard (Section 12.4.6) to validate the calibration 
standards. The LCS must include all compounds being analyzed. Prepare and 
analyze the LCS as in Section 14.1.4 or 14.1.5 at a mid-range concentration. If all 
parameters are within 75 - 125% recovery, sample analysis may begin. If any of the 
recoveries are outside these limits, the analyst must repeat the teSt for t;~eters 
that failed. If the second test fails, the problem must be corrects a new 
calibration curve analyzed if necessary, and the process repe~ae n CS is 
analyzed following every initial calibration curve. 

14.1.7 When analyzing soil/sludge samples by the low concentrations eated purge 
must be used during calibration. When analyzing soil/slud sam es by the high 
concentration method, the samples may be analyzed 6 mple, using an 
ambient purge temperature. Separate curves are requir for ated and non-heated 
analyses. 

Continuing calibration A, 
14.2.1 The initial c.alibration must. be verified eac~r;;'M by the analysis of a coniinuing 

calibration standard (CCV). The CCV e mid-level standard containing all 
analytes of interest, and will be run a r eve injections and after the final sample 
in the analytical sequence. The recov of analytes in the CCV must be within 85 

14.2.2 

- 115% of the true value. If thes&1iteria not met, all samples before and after the 
failing CCV will need to b:ee d the recovery of any analyte is greater than 
115% but there are no p 1tive s s for that compound, samples do not require 
reanalysis. . · 

..i-"1'1..t:!llfl/f•~if low-level samples are analyzed containing sodium 
so contain the sodium bisulfate preservative. 

15.0 ANALYTICAL PR~· . 

15.1 SampleAnaly"' 

15.1.1 e;o~ use, a Vocarb 3000 trap should be conditioned for at least one hour by 
bakin at 260° C by using the helium purge gas. If other trapping materials are 

uted for the Vocarb 3000, follow the manufacturers recommendations for 
onditioning. Prior to daily use, the. trap should also be baked out for 10 minutes at 
60° C. After any period of inactivity, the GC column should be run through its 

temperature program, or ramped up to the final temperature and held for 15 minutes . 

. 2 Set up the autosampler, concentrator, and GC as instructed in Section 9. For the soil 
samples, make sure the autosampler is set to inject an additional 5 ml of water to all 
standards and samples. 

15.1.3 Analyze an instrumenUmethod blank consisting of reagent water, methanol and 
internal/surrogate standard to check for contamination. If the concentration is less than 
the reporting limit for each analyte proceed to Step 15.1.4. 

15.1.4 Analyze the seven initial calibration standards starting with the lowest and analyze 
sequentially in increasing order of concentration. Plot the calibration curve. The 
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15.2 

coefficient of determination (r2) must be ~0.990 or the %RSO of the calibration factors 
must be s20% in order to proceed. 

15.1.5 Analyze 10 samples or less. 

15.1.6 Analyz.e a CCV standard. The predicted response must not vary by ma~~ ..... \n ±15% 
or a new curve must be prepared. · · ~~ 

After the GC run, identify the parameters in the sample by comparing th£§1e · times of the 
peaks in the sample chromatogram with established retention time n ; owever, the 
experience of the analyst should weigh heavily in the interpretation of rom grams. If any 
questions remain, spike the sample or confirm by alternate column ~/~ lys.is. . 

15.2.1 Retention Time Windows V 

15.2.2 

15.2.1.1 Make three injections of all target ~lyte ver at least a 72-hour period. 
Calculate the standard deviat" th retention time of the three 
injections. For multi-respon a yt choose one major peak. The 
retention time window is calcul b ultiplying the standard deviation by 
3. For a positive identifi tion, t nalyte must elute within the absolute 
retention time of the ICV ± r rition time window. All samples, quality 
control samples, an&1,anda run after the ICV must have the analyte 
pass the retene:t· · · w criteria. Any samples run after a standard 
that fails the re ntion indow criteria must be re-analyzed. 

15.2.1.2 Retentio~ ws must be re-run whenever a new column is 
install .. ~=--·Y major system maintenance is performed. 

Analyte Conti ati 

15.2.2.4 

•""llillle results for analytes detected by this procedure will require some 
confirmation .. The following rules will apply regarding confirmation 

e niques. 

When analyzing samples using the PIO and ELCO in series, detection on 
both detectors will constitute as confirmation. 

Samples or sites that have previously been analyzed by TriMatrix with 
positive results will not require confirmation. In addition, if historical data 
from a site is given to TriMatrix, and the results from the analysis match the 
historical results, no confirmation is required. 

For samples with no historical data, all reportable results will be confirmed 
by GC/MS. 

15.3 If the response for any compound exceeds the working range of the calibration curve, prepare a 
dilution of the sample. 

15.3.1 
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Water Samples: Prepare a dilution of the sample from the second vial (or an aliquot in 
the previously saved 20 ml vial) in a volumetric flask. Total volume purged must be 5 
ml. Organic free water must be used for the dilution. 
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15.3.2 Soil/Sludge/Waste Samples: Prepare a 1 g sample (13.2.1.1) if the expected 
concentration will be within linear range. If a larger dilution is needed prepare as in 
13.2.2 or per EPA method 5035 as specified in TriMatrix SOP GR-04~105. 

16.0 CALCULATIONS AND DATA HANDLING L") ~ 
16.1 Aqueous Samples: ~ 

16 1 1 Concentration of analyte is determined as follows: 0 
. . Concentration in ';'.' =CC x OF G 

Where: A 
CC = value obtained from the calibration Je~~.g/[ . 

DF =dilution factor v V 
16.1 .2 Surrogate Recovery: ~ 

%Recovery=(C:,)/)_ 0 
Where: ...,(' 

CC = valu~~'ti..m the calibration curve (ug/L) 

TV~ e( ) 

16.1.3 }lit~ Recovery: 

~ Vovery=(cs;~c)xtOO 

.... '~here: 
~ CS = Concentration of sample plus spike (ug/L) 

CC= Concentration of sample (ug/L) 

TV= True Value (40 or 60) 

16.1.4 Relative Percent Difference of MS/MSD 
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16.2 

%RPD=l(~:; ~~=; )]xlOO 

CMs. = Concentration of matrix spike as calculated in 16.1.1. ~~ 
CMso = Concentration of matrix spike duplicate as calculated in 16.1. 

Soil/Sludge/Waste Samples (Low Concentration Method): 0 
16.2.1 Concentration of analyte is determined as follows: c; 

::=(~:~~ H1oo~mL)x(i~~~J~ 

CC = value obtained from calibrati 

W = wet weight of sample (g)'-.. ~ 

% S = percent solid~·n d~Yiorm (i.e., .90 = 90% solid). Used to calculate 
dry weight r~ef oil nd sludges only. Wastes are calculated on a wet· 
weight basis e o ed EPA Method 160.3. 

16.2.2 Surrogate R~ 

%Reoov~xl00 
Who 

. E}alue obtained from the calibration curve (ug/L) 

~~ =true value (50) 

. ~~atrlx Spike Recovery: 

% Recovery = ( CST~CC) x I 00 

gr03105 6.3.doc. 

Where: 

CS = Concentration of sample plus spike (mg/kg) as calculated in 16.2.1 
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16.3 

16.2.4 

TV = true spike value corrected for percent solids (0.040 or 0.06 mg/kg for 5 g 
samples and 0.200 or 0.300 mg/kg for 1 g samples prior to percent solids 
correction) 

~4. 
VO 

Relative Percent Difference of MS/MSD 

Where: 

CMs = Concentration of matrix spike as calculat~.3. 
CMso =Concentration of matrix spike duplicate calcu ted in 16.2.3. 

Soil/Sludge/Waste Samples (High Concentration MLdi "'-
16.3.1 Concentration of analyte is derermin~V 

mg/ -(CC x DF x V) x ( 1 I g ) x ( 1000 g) 
/kg - W x % S 1 0 ml 00 ug I kg 

16.3.3 Matrix Spike Recovery: 

(
CS-CC) % Recovery = TV x I 00 

CS =Concentration of sample plus spike (mg/kg) as calculated in 16.3.1. 
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CC = Concentration of sample (mg/kg) as calculated in 16.3.1. 
TV= true spike value corrected for percent solids. 

16.3.4 Relative Percent Difference of MS/MSD: 

%RPD~r(~:: ~~:: ilxlOO ~~ 
C"s ~ Concentration of matrix spike as calculated in 16.3r. 9 
CMso = Concentration of matrix spike duplicate as calcula~.3.1. 

17.0 DATA REPORTING AND DELIVERABLES A 
17.1 Analysts running samples are responsible not o~f~ality but .also for filling in all 

documentation correctly. It is essential to perform· c · sks to provide the client with full 
defensible data. v 

17 .2 LIMS Reporting w . . .. 
17.2.1 When the analyst has finis d run ng a set of samples, data must be entered into the 

Element™ data syste pies are put into a bath of up to 20 samples. 
Samples of the sa an analysis method may be batched together. Next a 
sequence is c3ra s pies analyzed in a given 12-hour shift. When creating 

dates and n er re evant information. 

batches and s ces, is pmperative to enter all necessary information completely 
and corr~ · eludes standards indentification, spiking volumes, preparation 

17.2.2 Dat~ loaded to Element™ in accordance with TriMatrix SOP GR-10-123. 

17.2.3 @co ol recoveries are automatically calculated with out-of-control quality results 
bein ti1g lighted in red. Out-of-control data must be addressed in accordance with 

riM ix SOP GR-03-124. 

1 method preparation blank (BLK) and a blank spike (LFB/BS) must be entered for 
ach analysis sequence. Samples are associated with BLK and BS data by 

preparation date . 

. 5 If internal chain-of-custody is required it is very important the COC for be filled in 
correctly and archived to the raw data folder. All sample possessions must be 
accounted for on the COC form. 

17 .3 Laboratory Required Paperwork 

17.3.1 
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not a writeover, and blank lines in the run logbook should be Z'd out, initialed and 
dated. 

17.3.2 All ICV and CCV standard runs must be archived in their correct binders. 

17.3.3 All raw data (except for blanks, ICV runs and CCV runs) must be placed in t1 correct 
folder then given to the area supervisor for review and approval. n ~ 

18.0 QUALITY ASSURANCE A' 
18.1 Follow the procedures detailed in section 14.1 including daily mer ~alibration curve, 

and laboratory control sample analysis. V 
18.2 Continuing Calibration Verification (CCV) ~ 

be analyzed after every 10 samples and th e the analytical sequence. The 
18.2.1 The CCV consists of a mid-level standard~r. a as 14.1.4 or 14.1.5, which must 

recoveries of the CCV must fall within a · -1 % recovery range. If results fall 
outside this range, prior to the an sis o samples, a second CCV may be 
immediately analyzed for each failed lyt f results are still unacceptable, correct 

. the problem and rerun all sampl~aly~ ince the last acceptable CCV. 

18.3 Method Preparation Blank (MPB) O'" 
18.3.1 d day prior to running samples, and must have no 

positive results ab atory reporting limits for any analyte. If this requirement 
is not met, sam is may not begin, and corrective action must be performed. 
The only ex ti to t s is for common laboratory contaminants (i.e. methylene 
chloride), whi may ntain up to five times the laboratory reporting limit. However, 
any posit' reported for those analytes with concentrations between one and 
five ti reported in the blank will be qualified as estimated. If the samples to be 
ana m methanol preparation, the MPB must contain 1 ml of methanol. If 

el
s c taining the bisulfate preservative are being analyzed, a MPB containing 

· lfate must also be analyzed. 

18.4 L~bo ed Blank (LFB) 

LFB is required with each 12-hour analytical batch, or every 20 samples, whichever 
is more frequent. It is taken from the results of the ICV at a mid-level concentration. 
The LFB serves as a check of method/extraction performance in the event that matrix 
spike recoveries are not within applicable control limits. Recoveries must be calculated 
and compared to LIMS control limits. Analysis must be stopped and the problem 
corrected if recoveries are outside the control limits. For aqueous and low-level soil 
samples, the LFB may be either from the same source or separate source as the 
curve. For high level soils and wastes, refer to Section 13.2.2.4 or TriMatrix SOP GR-
04-105 (Method 5035) for LFB preparations. Any sample analyzed in a batch with a 
failing LFB must be re-analyzed for the failing parameters. If this is not possible, all 
data must be qualified as estimated. 

18.5 Matrix Spikes (SPK, MSD) 
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18.6 

18.7 

18.8 

18.5.1 Duplicate matrix spikes at a mid-level concentration should be analyzed for each batch 
of 20 samples of the same matrix. Recoveries and percent RPO are compared to 
LIMS control limits. Recoveries and/or percent RPO outside these limits must be 
qualified (see TriMatrix Volatile Laboratory Corrective Actions SOP -GR:~ See 
Section 12.0 for preparation procedures. 

For both LFB and Matrix Spikes, a list of 5 compounds are reported as follows Ahod 8 218. 

1, 1-Dichloroethylene o~ 
Trichloroethylene 
Chlorobenzene CJ 
Benzene 
Toluene 

Surrogate Recoveries A 
18.7.1 All surrogates must fall within LIMS contr~ipVv surrogate compound is out of 

control due to obvious matrix problems, tti m will not be re-run and the sample 
will be qualified as estimated. If the ~pie surrogate that is out for no apparent 
reason, the sample will be re-run. If re- n works, the first run will be discarded, 
and the second run reported. ~any pies are out of control for no apparent 
reason, the instrument nee~ s ted for malfunctions and corrections must be 
made, as appropriate. Wh co c ns are made, re analysis of samples analyzed 
while the system was m fu tioni are necessary ... 

18. 7 .2 If a high level s~m · extracted or diluted and the true value of the surrogate 
is less than 5 u su ate recoveries will not be reported. 

Method 601/602 Modific · ns 

18.8.1 

18.8.1.4 

80218. However the following 

The recoveries of the CCV (Section 18.2) must fall between 80 - 120% of 
the true value. 

Every compound of interest that is on the Method 601 /602 list must be in 
the matrix spikes and LFB; not just the limited list from Section 18.6. 

The MS/MSD frequency requirement is every 10 samples. 

19.0 DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

19.1 Before the analysis of actual samples, each analyst must demonstrate the ability to generate 
acceptable accuracy and precision by completing a successful initial demonstration of capability 
(IDC) study. 
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19.2 

19.3 

19.4 

19.5 

16.6 

Prepare four blank spikes in water at 20 ug/L. The spiking solution must be from a source other 
than that used to calibrate the instrument. Analyze as samples by going through every step in 
the procedure. 

Input results tci the IDC spreadsheet located on the laboratory intranet library to calcula 
recovery and relative standard deviation for each spiked analyte. 

19.3.1 For each analyte, percent recovery must be within laboratory est~sh limi s and 
relative standard deviation must be less than or equal to 20%. If nalytes meet 
acceptance, the demonstration of capability study is compl~ e analyst is 
authorized to prepare waste samples by this procedure. V 

19.3.2 If any analyte fails any acceptance limit, locate and correl'::e ~blem then repeat the 
ENTIRE study successfully for the failed analyte. Replac~apparent outlier result 
in the study is not permitted. &) 

Repeated failure indicates a problem with the proce~a or chniques used. If this occurs, 
locate the problem, correct the procedure and/or · u sed and repeat the IDC study 
successfully. 

Samples may not be prepared by the analyst un~ssful IDC study has been completed. 

A successful continuing demonstrati:eo~ ... il'._:(CDC) study must be completed annually by 
all analysts, by one of the following a roa~? 

19.6.1 By repeating the IDC~ 

19.6.2 By exclusively AP~~ analyzing an acceptable blind performance testing 

sample. ~ "' 
19.6.3 By exclu aring a method detection limit (MDL) study. The last four results of 

the st be used. 

19.7 A Method D ctio Limit (MDL) study must be performed annually for both extraction proceduv nee with TriMatrix SOP GR-10-125. 

20.0 ~N PREVENTION 

20.1. ~ inv~ntory of all chemicals used in the laboratory to monitor their use. 

20.~er dispose of laboratory chemicals without first referencing appropriate written instructions of 
disposal for that particular material. 

20.3 Conserve the use of chemicals where applicable. 

20.4 Comply with all environmental laws associated with chemicals in the laboratory. 

21.0 WASTE MANAGEMENT 
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21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 

21.2 To minimize the environmental impact and costs associated with the disposal of chemicals, order 
and use only the minimum amount of material required. 

21.3 Follow all instructions in TriMatrix SOP GRc15-102 for laboratory waste disposal r*. 

22.0 REFERENCES . . ~ 
22.1 Test Methods for Evaluating Solid Waste, P. hysical/Chemical Methods, ~rd Edition, Final 

Update Ill, December 1996, Method 80218, "Aromatic and H6;n~latiles by Gas 
Chromatography Using Photoionization and/or Electrolytic Condu tivity etectors", Revision 2, 
December, 1996 · 

22.2 Test Methods for Evaluating Solid Waste, Phy.sical/Chem~I Me ods, SW-846, 3rd Edition, Final 
Update Ill, December 1996, Method 50308, "Purge-~n. T for queousSamples", Revision 2, 
December, 1996 

22.3 Code of Federal Regulations, Title 40 Prote ·on of 1ronment, Volume 19, July 1, 2001 
Edition, Chapter I Environmental Protection Age , P 136, Appendix A, Methods for Organic 
Chemical Analysis of Municipal and lndust~as~ ter, Purgeable Halocarbons, Method 601 

22.4 Code of Federal Regulations, Title ~~Vn of Environment, Volume 19, July 1, 2001 
Edition, Ch. apter I Environmen~~on gency, Part 136, Appendix A, Methods for Organic 
Chemical Analysis of Municipal Wastewater, Purgeable Aromatics, Method 602 

23.0 ATTACHMENTS ~~ 
23.1 Table 1 - Compoun. · Reporting Detection Limits 

23.2 Table 2 - Eluti~ 08-624 

23.3 Table 3 ~ti~r on 08-VRX 

23.4 F~ Vii1e Chromatogram on DB-624 (HECD detector) Standard List 

23.: '~xample Chromatogram on 08-624 (PIO detector) Standard List 

23.~e 3 - Example Chromatogram on 08-624 (PIO detector) Limited Aromatics List 

23. 7 Figure 4 - Example Chromatogram on 08-VRX (HECD detector) Standard List 

23.8 Figure 5 - Example Chromatogram on 08-VRX (PIO detector) Standard List 
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Compound List And Reporting Limits 

Reporting Limits 
Aqueous Low So!Jlj· UI' 

Analvte CAS No. .{yglb} /k 
Benzene** 71-43-2 1.0 .01 0.050 
Bromobenzene 108-86-1 1 .0 (] /0.050 
Bromochloromethane 7 4-97 -5 1.0 0/050 
Bromodichloromethane* 75-27-4 1.0 0 10/0.050 
Bromoform* 75-25-2 1.0 c; .010/0.050 
Bromomethane* 7 4-83-9 1.0 0.010/0.050 
n-Butylbenzene 104-51-8 1.0 0.010/0.050 
sec-Butylbenzene 135-98-8 i) 0.010/0.050 
tert-Butylbenzene 98-06-6 0.010/0.050 
Carbon tetrachloride* 56-23-5 <d 0.010/0.050 
Chlorobenzene*, ** 108-90-7 0.010/0.050 
Chloroethane* 75-00-3 0.010/0.050 
2-Chloroethyl vinyl ether* 110-75-8 v 0.10/0.50 
Chloroform* 67-66-3 1.0 0.010/0.050 
Chloromethane* 74-87-3 ~ 1.0 0.010/0.050 
2-Chlorotoluene 95-49-8 0 1.0 0.010/0.050 
4-Chlorotoluene 106-43-4 1.0 0.010/0.050 
Dibromochloromethane* 12~4-1 1.0 0.010/0.050 
1,2-Dibromo-3-chloropropane 96 - 1.0 0.010/0.050 
1,2-Dibromoethane ~ 1.0 0.010/0.050 
Dibromomethane 1.0 0.010/0.050 
1,2-Dichlorobenzene*, ** 0- 1.0 0.010/0.050 
1,3-Dichlorobenzene*, ** ~ 3-1 1.0 0.010/0.050 

*Reported for 601 0 
**Reported for 602 
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Reporting Limits 

Aqueous Low ~:,~t. Soil 
Analvte CAS No. ll!alb} 
1,4-Dichlorobenzene*, ** 106-46-7 1.0 lo. 
Dichlorodifluoromethane* 75-71-8 1.0 .01 0.050 
1, 1-Dichloroethane* 75-34-3 1.0 a /0.050 
1,2-Dichloroethane* 107-06-2 1.0 0.050 
1, 1-Dichloroethylene* 75-35-4 1.0 0 10/0.050 
cis-1,2-Dichloroethylene* 156-59-2 . 1.0 c; .010/0.050 
trans-1,2-Dichloroethylene* 156-60-5 1.0 0.010/0.050 
1,2-Dichloropropane 78-87-5 1.0 0.010/0.050 
1,3-Dichloropropane 142-28-9 ~ 0.010/0.050 
2,2-Dichloropropane 594-20-7 0.010/0.050 
1, 1-Dichloropropylene 563-58-6 <a 0.010/0.050 
cis-1,3-Dichloropropylene* 10061-01-5 0.010/0.050 
trans-1,3-Dichloropropylene* 10061-02-6 0.010/0.050 
Ethylbenzene** 100-41-4 v 0.010/0.050 
Hexachlorobutadiene 87-68-3 1.0 0.010/0.050 
lsopropylbenzene 98-82-8 w 1.0 0.010/0.050 
lsopropyltoluene, para 99-87-6 0 1.0 0.010/0.050 
Methylene chloride* 75-09-2 1.0 0.010/0.050 
Methyl(tert)butyl ether 1634-0 ~ 50 0.10/2.5 
Naphthalene 91- - 1.0 0.010/0.050 
n-Propylbenzene 1.0 0.010/0.050 
Styrene 00 1.0 0.010/0.050 
1, 1, 1,2-Tetrachloroethane 

*Reported for 601 . 

.. Reported for 60 0 

~~ 
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Analvte · 
1, 1,2,2-Tetrachloroethane* 
Tetrachloroethylene* 
Toluene** 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1, 1, 1-Trichloroethane* 
1, 1,2-Trichloroethane* 
Trichloroethylene* 
Trichlorofluoromethane* 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride* 
Xylene, meta & para** 
Xylene, ortho** 
Xylene, Total** 

*Reported for 601. 
**Reported for 602. 
***m~xylene 108-38-3 
***p-xylene 106-42-3 
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Parameter ELCO Response PIO Response 
1. Dichlorodifluoromethane X ~ 
2. Chloromethane X 
3. Vinyl chloride X X . ~ . 
4. Bromomethane X 
5. Chloroethane X 
6. Trichlorofluoromethane X 0 · 
7. 1,1-Dichloroethylene X X 
8. Methylene chloride X CJ . 
9. trans-1,2-Dichloroethylene X X 

10. Methyl(tert)butyl ether X 
11. 1, 1-Dichloroethane X ~ 
12. cis-1,2-Dichloroethylene X X 
13. 2,2-Dichloropropane X <o-
14. Bromochloromethane X -
15. Chloroform X ---
16. 1, 1, 1-Trichloroethane X v ---
17. Carbon tetrachloride X ---
18. 1 , 1-Dichloropropylene X '-.. ~ X 
S1. 1,2-Dichloroethane-d4 0' V 
19. 1,2-Dichloroethane X 

20. Benzene ~ X 
11 Fluorobenzene (Internal) -- X 

21. Trichloroethylene & X 
22. 1,2-Dichloropropane X 

*Depending on parameter li~a e u d as a surrogate. 
Note: Compounds in bold a sually analyzed for. If additional compounds are requested, a 
different temperature po be needed (see section 9.2). 
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Table 2 ·~-

Elution Order & Detector Response - DB-624 
(Continued) 

Parameter ELCO Response PIO Response ~ 
23. Dibromomethane X 
24. Bromodichloromethane X ~ 
25. 2-Chloroethyl yinyl ether X X · 
S2 a,a,a-Trifluorotoluene (surrogate) X 
26. cis-1,3-Dichloropropylene X X 0 
27. Toluene X · 
28. trans-1,3-Dichloropropylene X X c; · 
29. 1, 1,2-Trichloroethane X 
30. Tetrachloroethylene* X X 
12. 2-Bromo"".3-Chloropropane X ~ 

31. 1,3-Dichloropropane XX -_ 
32. Dibromochloromethane X ~ 
33. 1,2-Dibromoethane 
34. Chlorobenzene X 
35. 1, 1, 1,2-Tetrachloroethane X v ---
36. Ethyl benzene --- X 
37. Xylene, meta & para --- "- ~ X 

38. Xylene, ortho . 0' ~ X 
39. Styrene · - X 

40. Bromoform ~ 
41. lsopropylbenzene -- X 
42. 1,1,2,2-Tetrachloroeth~ 

*Depending on parameter Ii~ ed as a surrogate. 
Note: Compounds in bold a~su Hy analyzed for. If additiooal compounds are requested, a 

different tempe~00 needed (see section 9.2), . . 

~~ 
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Parameter ELCO Response PIO Response \ 
43. 1,2,3-Trichloropropane X ~~ 
44. Bromobenzene X X 
45. n-Propylbenzene X 
46. 2-Chlorotoluene X X 0 
47. 4-Chlorotoluene* X X 
48. 1,3,5-Trimethylbenzene X~ CJ 
49. tert-Butylbenzene 
50. 1,2,4-Trimethylbenzene 
51. sec-Butyl benzene ~ 
52. lsopropyltoluene, para X 
53. 1,3-Dichlorobenzene X «)Xx 
54. 1,4-Dichlorobenzene X 
55. n-Butylbenzene 
56. 1,2-Dichlorobenzene X v X 
57. 1,2-Dibromo-3-chloropropane X ---
58. 1,2,4-Trichlorobenzene X w X 
59. Hexachlorobutadiene 0 X 
60. Naphthalene -- XX. 
61. 1,2,3-Trichlorobenzene 

*Depending on parameter list, may b g;urrogate. 
Note: Compounds in bold are tho sua analyzed for. If additional compounds are requested, a 
different temperature program b eed d (see section 9.2). 
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Parameter ELCO Response PIO Response 
1. Oichlorodifluoromethane X ~ 
2. Chloromethane X 
3. Vinyl chloride X X ~ 
4. Bromomethane X 
5. Chloroethane X 
6. Trichlorofluoromethane X 0 
7. 1,1-0ichloroethylene X X 
8. Methylene chloride X CJ 
9. trans-1,2-0ichloroethylene X X 

10. Methyl(tert)butyl ether X 
11. 1,1-0ichloroethane X ~ 
12. cis-1,2-0ichloroethylene X X 
13. Bromochloromethane X «) 
14. Chloroform X 
15. 2,2-Dichloropropane X --
S 1 1,2-Dichloroethane-d4 X v ---
17. 1,2-0ichloroethane X --
18~ 1,1,1-Trichloroethane X '- ~ 
19. 1, 1-Dichloropropylene 0' "V'" X 
20. Carbon tetrachloride X 

21. Benzene ~ X 
11 Fluorobenzene (Internal) -- X 

22. Dibromomethane ~ 
23. 1,2-0ichloropropane X 
24. Trichloroethylen~ X X 

*Depending on parame be used as a surrogate. 
Note: Compounds in Id ar se usually analyzed for. If additional compounds are requested, a 
different tempev ra may be needed (see section 9.2). 

~ ~ 
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Date Initiated: 11/27/95 

Parameter ELCO Response PIO Response \ 
25. Bromodichloromethane X ~ 
S2 a,a,a-Trifluorotoluene (surrogate) X 
26. 2-Chloroethyl vinyl ether X X 
27. cis-1,3-0ichloropropylene X X 
28. trans-1,3-0ichloropropylene X X 
29. 1, 1,2-Trichloroethane X 
12. 2-Bromo-3-Chloropropane (Internal) 

30. Toluene 
31. 1,3-Dichloropropane X ~ 
32. Oibromochloromethane X ---
33. 1,2-Dibromoethane X «) 
34. Tetrachloroethylene* X 
35. 1, 1, 1,2-Tetrachloroethane XX -X--
36. Chlorobenzene v 
37. Ethyl benzene --- X 
38. Xylene, meta & para --- '-.. ~ X 

39. Bromoform 0' V ---
40. Styrene - X 
41. 1.,1.2,2-Tetrachloroethane ~ 
42. Xylene, ortho --- X 
43. 1,2,3-Trichloropropane ~ ~ 
44. lsopropylbenzene ~ " --- X 

"Depending on parameter Ii~. used as a surrogate. 
Note: Compounds in~ ~sually analyzed for. If additional compounds are requested, a 
different temperature o .. ay be needed (see section 9.2). 
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Table 3 
Elution Order On OB-VRX - OB-VRX 

(Continued) 
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Parameter ELCO Response PIO Response · \ 
45. Bromobenzene X X ~ 
46. n-Propylbenzene X 
47. 2-Chlorotoluene X X 
48. 4-Chlorotoluene* X X 
49. 1,3,5-Trimethylbenzene X 
50. tert-Butylbenzene 
51. 1,2,4-Trimethylbenzene 
52. sec-Butyl benzene 
53. 1,3-0ichlorobenzene X ~ 
54. 1,4-0ichlorobenzene X XX 
55. lsopropyltoluene, para «) 
56. 1,2-0ichlorobenzene X 
57. n-Butylbenzene ~ 

58. 1,2-Dibromo-3-chloropropane X v ---
59. 1,2,4-Trichlorobenzene X X 
60. Naphthalene ---~ X 
61. Hexachlorobutadiene 0 X 
62. 1,2,3-Trichlorobenzene X X 

*Depending on parameter list, may be ~a agate. 
Note: Compounds in bold are th.~;€~. zed for. If additional compounds are requested, a 
different temperature program m~ ~ d (see section 9.2). 

~~ 
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Figure 1 
Sample Chromatograms 

Revision Number: 6.3 
Date Revised: 2/17 /12 
Date Initiated: 11/27/95 

Column: DB-624 75m .53 id capillary Detector: ELCO 
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Note: See Attachment 23.2 - Table 2 for compound identification. Chromatogram shown is for the 
normal list of compounds (BOLDFACE compounds on Table 2). 
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Figure 2 
Sample Chromatograms 
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Column: DB-624 75m .53 id capillary Detector: PIO 

r--"I 

> 
E .___, N 

co er) 
(l) .n N 

(/) .n 
c N 

0 .a.. 
(I) 
Q) 

a:: 
IOI 
~ 

N 

"' • ,.., 
~ co 

N rj. 
in N 

°' 
..,. 

ui v q 
IO 

Q)('I 
C\I .., . .., 

CD .ao 
,.; ""'- ...., cq 

co 1(1 N 

a~ 
CK! N _,...., 

ll'l 
(".l"<t tl"I °' . N l"i 

N N 

i.!i g I I I I Ill I I I II I 

() 
c I i...t ,_ l.o.I _, a:i a:i 

I.I I C\I z LI.. z >- ~ ai 1- ug 8 N ... w ... ""' x i.. ~ 0 _, 
I N t :> l)CaJ(,J I I 

() I I z l.IJ~ 
_, l.IJ 

111 ~ 
g:ig,, I I I l''H''f 

I - It 0 wm u 0 u20 •.., --> I- au ... 1- I-

0 s 10 15 20 25 30 
r .. 

Note: See Table 2 for compound identification. Chromatogram shown is for the normal list of 
compounds (BOLDFACE compounds on Table 2). 
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Figure 3 
Sample Chromatograms 
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Column: DB-624 30m .53 id capillary Detector: PIO 
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Note: See Table 2 for compound identification. 
analyzed including 602 compounds and MTBE. 

Chromatogram shown is the normal aromatic list 
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Figure4 
Sample Chromatograms 
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Column: DB-VRX 75m .53 id capillary Detector: ELCO 
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Figure 5 
Sample Chromatograms 
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Column: DB-VRX 75m .53 id capillary Detector: PIO 
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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

2.1 

2.2 

2.3 

SCOPE AND APPLICATION 

This procedure outlines the analysis of organochlorine pesticides. Direct inject gas 
chromatography (GC) applicable to components listed in Attachments 23.1 and 23.2 Tables 1 
and 1A) is used for characterization of groundwater, soil, sludge, water-miscible and n n-water
miscible waste. Other analytes may be determined, provided each is analyzed · rdance 
with all procedural guidelines. ~ 

Use a. confirmatory column of· dissimilar polarity or gas chromatograa spectrometry · 
(GCMS) to verify all positive results. · · 

Reporting limits for most pesticides are 0.01-0.02 ug/L for aqueoG ug/kg for soils 
and 0.05 mg/kg for wastes. Minimum reporting limits are highly trix pendent and may not 
be achievable in all sample matrices. Refer to Attachment 23.3 (T or minimum reporting 
limits. Q. · 
Instrumental .calibration extends from the reporting Ii · to pr 1mately 32 times the reporting 
limit. Quantitation may be extended by sample ore ct lut when necessary. 

ision of analysts experienced in gas 

3.3 Quantitation is by comparing sample response to the response of standards in a six-point 
calibration. ·The extract volume injected is 1 .0 µL. 

4.0 PARAMETER OR COMPOUND LIST 

4.1 Target analytes are listed in Attachments 23.1 and 23.2 {Tables 1 and 1 A). 
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4.2 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

6.1 

Other analytes may be determined, provided each is analyzed in accordance with all procedural 
guidelines. · 

REFERENCED SOPs . \ 

TriMatrix SOP GR-03-101, Semi-Volatile Laboratory Gas Chromatography~ C~tions, 
latest revision 

TriMatrix SOP GR-09-105, Waste Dilution Preparation Method for PCBsP""f · es, Method 
3580A, latest revision V 
TriMatrix SOP GR-09-107, Extraction of Organochlorine Pest.iC a~ PCBs from Water, 
Method 351 OB, latest revision ~Q' 

TriMatrix SOP GR-09-108, Extraction of PCBs/PesticidesAI, Sludge and Wastes, Method 
3550A, latest revision /,; v 
TriMatrix SOP GR-09-111, Florisil Column Cleanup, rv20, latest revision 

TriMatrix SOP GR-15-102, Laboratory Waste D~test revision 

TriMatrix SOP GR-10-103, Guidelinec" -~ eration, Validation, Approval and Reporting, 
latest revision '-~ 

. . 

TriMatrix SOP GR-10-125, Met fl te Limit (MDL); latest revision 

TriMatrix SOP GR-04-1 
Spectrometry, latest re · on 

'Neutral/Acid Compounds by Gas Chromatography/Mass 

nta· materials that interfere with electron capture detectors. In addition, many 
stances that. cause chromatographic interference on capillary columns. 

, Florisil clean-up is performed on extracts and corresponding quality control 

6.2~H concen.trated, solvents can also concentrate oxygenates and sulfur compounds, producing 
a response. These compounds interfere with analyte peaks. It is imperative that pesticide 
gr e solvents, ACS grade reagents and ultra-clean glassware be used at all times. For each 

· ent lot, an aliquot must be concentrated to analyze for such contamination and overall quality. 
Once a lot is approved for use, a six- month supply is sequestered and stored by the vender. 

6.3 When extracted from samples or in standards exposed to water or methanol, kepone will produce 
a peak with a broad tail that elutes later than the calibration by up to one minute. This retention 
time shift will seriously affect the ability of the analyst to qualitatively identify this compound 
without being aware of the possibility. If there is any question about whether kepone is present, 
the analysis must be confirmed in accordance with TriMatrix SOP GR-04-103. 
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7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

8.0 

8.1 

8.2 

9.1 

SAFETY PRECAUTIONS 

Analysts must comply with all instructions on health and safety as outlined in the TriMatrix 
Laboratory Safety Manual and Chemical Hygiene Plan. 

Pesticides can cause ,irritation upon contact and are suspected carcinogens. Ta'-- _1ropriate 
precautions when handling. A laboratory coat, disposable gloves and approve ~sses 
must be worn while in the laboratory and when performing any laboratory o ati associated 
with this procedure. Open and dispense concentrated standards only unde hood. 

Solvents used in sample extraction and concentration are toxic. Avoid ntac ith skin, vapor 
inhalation and solvent ingestion. Always open solvent contain6 fume hood. A 
laboratory coat, disposable gloves and approved safety glasses ust worn when handling 
solvents. 

All analyzed sample extracts and expired standards mustAed of promptly and correctly. 

If a pesticide or solvent spill occurs, contact the saf~~or area supervisor immediately 
then begin cleaning up the spill as outlined in the Sa al. Methylene chloride, pesticides, 
surrogates and spikes are highly toxic and sus~ted c ogens. Wear all required protective 
clothing, disposable gloves and safety glasses to oi ontact. Prepare standards and samples 
under a fume hood. w 
SAMPLE SIZE, COLLECTION, P {:;jioN AND HANDLING PROCEDURES 

Waters, wastewaters, and~e ollected in unpreserved 1000 ml amber glass jars with 
PTFE-lined lids and stor t 4 _ ° C, until time of analysis. At least two 1000 ml aliquots of 
aqueous sample must c te to meet quantitation limit requirements and allow for re-
analysis when necessa . f ma ·x spikes are needed, collect two additional 1000 ml aliquots. 

~--l~tiil· s are collected in inert bottles with no preservative added. At least 30 g 
e d to achieve default reporting limits. If insufficient sample is available 

e can be reduced (minimum 1.0 ml) to achieve quantitation limits. 
st be obtained for possible re-analysis and matrix spikes, as well as percent 

Gas chromatograph equipped with at least one. 63Ni electron capture detector (ECO) and flow 
valves capable of delivering very low flow rates (for example, 10 mUminute) accurately. Refer to 
the Equipment List located on the laboratory intranet library for a full description of minimum and 
current instrument specifications. 

9.1.1 Injector Temperature: 200° C 

9.1.2 Detector Temperature: 350° C 
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9.2 

9.3 

9.4 

9.5 

9.6 

10.0 

10.1 

9.1.3 Oven Temperature: Initial temperature at 120° C then ramp to 160° C at 20° C/min 
then ramp to 300° C at 7° C/min. Hold for 4 minutes at 300° C 

A personal computer capable of storing and retrieving chromatographic data. ~e r to the 
Information Technology (IT) department's Computer Inventory Database for minim current 
computer specifications associated with the analytical instrument. t") 
Columns: ~ 

9.3.1 Column A: RTX CLP (or equivalent), 0.53 mm ID, 0.50 um film tiQ 30 m length 

9.3.2 Column B: RTX CLP2 (or equivalent), 0.53 mm ID, 0.42 u6kness, 30 m length 

Various size microsyringes · A 
Autosampler vials with PTFE-faced silicone septa, 1 ¥,; v 
Volumetric flasks v 
ROUTINE PREVENTIVE MAINTENANCE~ 
Septa replacement: r'\ 
10.1.1 Direct inject gas ~s are equipped with silicone septa (Supelco 

Thermogreen 10 lent) which eventually core and leak. These must be 
replaced to av · onta · ating the inlet sleeve with rubber particles and to minimize 
bleed. Repl or after approximately 100 injections. 

10.2 Inlet Sleeve Cleani eplacement 

10.2.1 lnle~leev n become a source of contamination, flow restriction and pesticide 
ow s they accumulate sample debris and septum particles over time. When 

OT breakdown check standard indicates 15% or higher breakdown, the 
must be cleaned or replaced. 

10.3 . ping/Replacement 

... ~ In addition to sleeve replacement and when conditions merit, about 6 inches can be 
. ~ clipped off the front of the guard column. When a guard column becomes too short to 

clip, it must be replaced. If resolution is lost and/or breakdown is high after a guard 
column is replaced, the analytical column must also be clipped/replaced. 

10.4 ECO Wipe Test and 63Ni Foil Cleaning/Replacement 

10.4.1 

gr03120 4.6.doc 
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11.0 

11.1 

11.2 

11.3 

11.4 

12.0 

12.1 

10.4.2 Sample components and constant use at high temperature depletes the 63Ni foil. This 
raises baseline noise and decreases the linear range of the detector. When this 
happens, the detector must be sent out for cleaning and/or re-foiling. NEVER at any 
time may an unlicensed person tamper with the 63NI foil or any intern: ~part. 
This must be done by a licensed professional, trained in working with ra ·oactive 
materials. 

CHEMICALS AND REAGENTS . ~ 
Pesticide standards, purchased as certified standards in ampules from Oientific, Restek, 
Absolute or other certified manufacturers. v~ 
Hexane, Pesticide Grade or equivalent 

Helium carrier gas, ultra high purity, 2-3 ml/minute A 
Nitrogen makeup gas, filtered for oxygen, hydrocarb~ ~re, 40.£0 mUminute 

STANDARDS PREPARATION v 
Prepare stock standards as follows: Qw 
12.1.1 Stock standards are~u a d a 000 mg/l certified solutions. The primary standard 

for the normal p.estic' s t 1 rchased from Ultra Scientific at 1000 ug/ml (Catalog 

PPM-808C). ~ 

12.1.2 The second- re andard is purchased from Chem Service at 1000 ug/ml (Catalog 
OCP508-1JMJ. 

12.1.3 icides listed in Table 1 A are purchased as individual standards and are 
co ined cessary for intermediate and calibration standards. Multi-component 

Q
ds technical chlordane and toxaphene are not combined. 

g the original ampule. Store at 4 ±2° C with zero headspace and protect from 
·~ . 

1~.1. r any unused and opened stock solution to a 1.5 ml amber screw-cap vial after 

.... · ~- All stock standards must b~ replaced at one year from the date opened,· the earliest 
~ individual compound expiration date or sooner if comparison with routine quality control 

indicates a problem. 

12.1.6 Purchased standards may only be used if certified by the manufacturer or an 
independent source as traceable to NIST. 

12.3 If unable to purchase as a certified solution, prepare non-standard analytes gravimetrically from 
the neat material as follows: 

12.3.1 
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To prepare a standard at approximately 1000 mg/l, weigh approximately 0.1 g (100 
mg) of compound into a 100 ml volumetric. Add hexane (some toluene may be 
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12.4 

12.5 

necessary to dissolve certain pesticides) and shake until dissolved. Calculate 
concentration as follows: 

mg compound IL ( g/ L) -----=mg oru m 
0.100 L solvent 

For Example: 

lOlmgMirex IOIO ILM' ---'---- = mg irex 
0.100 L Hexane 

Prepare intermediate standard from the stock solution as follows: 

12.4.1 Prepare in hexane. 

12.4.2 Prepare at a concentration that is the highest a oint in the curve (0.16 mg/L). 

Initial 
Concentration 

(mg/L) 

1000 

Standard 
Volume 
needed 

(µL) 

12.4.3 Expiration is six monthc::...i1:nr11wh 
expiration date or w r 

Prepare calibration stand~a:l ~._~ 

0.16 

te prepared and/or no later than the stock standard 
ality control indicates a problem. Whichever is first. 

12.5.1 Prepare i~nex~0' 
12.5.2 The~ s are used for the initial calibration, second-source verification and 

con uing h ration verification standards. 

12.5.3 {S:ri~ ion of the intermediate standard is based on adding a volume of standard to 
~e of hexane· 

- ... - ~ .. Standar Hexane 
Initial 

d Volume Final Final Concentratio Volume added to Volume Concentration n 
needed Standard (ml) (mg/L) (mg/L) Volume (µL) 

(µL) 
0.16 500 500 1 0.08 
0.08 500 500 1 0.04 
0.04 500 500 1 0.02 
0.02 500 500 1 0.01 
0.01 500 500 1 0.005 

12.6 Label all standards with the following information: 
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12.7 

13.0 

13.1 

14.0 

14.1 

12.6.1 Concentration with units 

12.6.2 Parameter 

12.6.3 :~.;;:~;~~st~~ (~~=~U:~'i1-~on as it appears in the laborato~ation 
12.6.3 Expiration date o~ 
All standards and standard dilutions must be recorded in Element™. 

SAMPLE PREPARATION G 
For detailed sample extraction· and clean-up, refer t.o t~riate TriMatrix SOP listed in 
Section 5.0. /,; v 
CALIBRATION PROCEDURES '" y 
Initial Calibration of single-component pest~s: Y 
14.1.1 Following the daily hexan~la~ Yct a 0.05/0.10 mg/L endrin/DDT breakdown 

standard. Percent bre n fo endrin and DDT must be less than 15%. These 
criteria must be met o s quent injections are made. Repeat the degradation 
check every 12 OP. rs. Refer to Section 10.0 for maintenance instructions if 
a breakdown c fai Calculate percent breakdown for endrin and DDT where Hx 
=peak heigh esig ated compound: 

14.1.2 After the breakdown check, inject the calibration standards (0.005, 0.010, 0.020, 0.040, 
0.080, 0.160 mg/L). Refer to Attachment 23.6 (Figure 2) for an example DDT 
calibration curve. 
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14.1.3 Calculate the calibration factors (CF) for each analyte: 

CF = Peak Height 
Analyte Concentrat ion in ng/uL 

14.1.4 To evaluate linearity through the origin, calculate percent relative stan · \ viation 
(%RSD) for each analyte: . n ~ 

Average CF . 
% RSD ~ Standard Deviation x I OO o~ 

14.1 .5 If %RSD is less than or equal to 20% using all six stanC., ~e calibration curve is 
assumed linear through the origin and the average calib~ctor may be used for 
quantitation. &}, 

14.1.6 If %RSD is greater than 20%, a regression mu be used. Depending on the 
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coefficient· of determination, least squ r on (first order) or polynomial 
(second order) regression may be use . in ity through the origin cannot be 
assumed and the regression must no~ fore~ rough the origin. 

14.1.6.1 Linear regress. ion (~or¥. a plot of peak height versus standard 
concentration a · Ii le when data exhibits linearity that is not 
through the o in. curve is evaluated using the. Turbochrom 

determin n o near regression calibration is 0.990. The linear 

~ y ~s •: f;IWffl: 

A ""4alyte concentration in the extract, in mg/L 

GVnalyte peak height in the extract 
= The regression line slope 
= The regression line y-intercept 

4.1.6.2 Non-linear regression (second order) is used when linear regression has a 
coefficient of determination greater than 0.990. Evaluate the second order 

. fit using coefficient of determination (r2) with the same limit of 0.990. The 
· equation for second order regression is as follows but must be solved by 

the instrument or by the function "linest" (=linest(y-values,x
valuesA{1,2},,true)) in an Excel spreadsheet with calculates coefficients a, 
band c: 

2 
y =ax +bx+ c 

where: 
x = Concentration of pesticide in the extract 
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14.1.7 

14.1.8 

14.1.9 

14.1.10 

14.1.11 

y = Peak height of pesticide in the extract 
a = The coefficient corresponding to the square of the x-value 
b = The coefficient corresponding to the x-value 
c = A constant 

A regression calibration may be used when %RSD is less than 20% but .... __ 1.ression 
plot does not go close enough to ·the origin t.o provide a s~u· ~urate 
quantitation. 

Note: Do not use non-linear regression to compensate fae t aturation in 
place of instrument maintenance. Non-linea regr sion must be 
employed only for analytes and/or instrumer · y shown to not 
exhibit linear calibration at optimum inst ment operating conditions. 
Quantitation by average CF and/or linear reg si must not be changed 
to non-linear calibration to com~ for instrument maintenance 
requirements. 

Inject the second-source calibration verifi~io S . standard immediately following 
the initial calibration. All analytes must r veries between 75-125% for the 
calibration to be considered valid. If ese c a are not met, re-analyze the SCV a 
second time, If it still does not pass, ke rrective action to locate and solve the 
problem up to and including pre~ng f~ standards from fresh stock. Then run an 
acceptable initial calibration-AV 

Analysis may not be~g·n · h~cceptable initial calibration. 

Refer to Attache;e e 2) for an example calibration cur'lie for DDT. 

When calibr · g am les being reported under EPA 608 or 608.2 (methoxychlor), 
there are diffe t re 'rements for calibration, which include the following: 

Percent relative standard deviation (%RSD) of an average calibration 
factor must be less than 10% instead of less than 20%, to be acceptable 
for quantitation. 

A linear regression curve must be constructed if the calibration factor 
%RSD is greater than or equal to 10%. The coefficient of determination 
(r2

) must be at least 0.990. 

14.1.11.4 Non-linear regression is not allowed with only 3 calibration points. 

14.2 Prepare and use the initial calibration of chlordane and toxaphene as follows: 

14.2.1 

gr03120 4.6.doc 
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14.3 

14.2.2 Run a 0.1 mg/L single-point standard for chlordane as a pattern-recognition standard. 

14.2.3 Run a 1.0 mg/L single-point toxaphene standard as a pattern-recognition tandard. 
The six point calibration does not need done if there is no pattern match in a 
being analyzed unless otherwise specified. 

If chl.ordane or toxaphene is detecte. d, calibrate using a 6-point cal~· ati (3-point for 

quantitate using the 6-point initial calibration. · 

14.2.4 
method 608). as with single-component pesticid.es. Re-run th<:5 analyte and 

14.2.5 Quantitate by using the sum of five characteristic peak her: ~ 

CF = Sum of Characteristic Peak Height V 
Concentration of Multi - Component Analyte A 

Calibration Verification ~ V 
14.3.1 On non-curve days, run a calibration ver" io standard containing all analytes of 

interest (including chlordane and to~ene~ owing the daily blank or blank spike 
(BS), and the degradation check tanday 

14.3.2 Quantitate in a manner c·,..!!!'m~rt ... u"""' how the initial calibration was approved 
(average CF or regression) 

Concentr,~t io Average CF 

14.3.1.1 ~ e CF, verify by percent difference between the average and 
mg factors using the following equation: 

0 CF-CF 
Percent Difference = v m x 100 

CJ 
CFm 

. 

. where: 

CFv = Response factor from verification standard 
CFm = Average calibration factor from initial calibration 

· · 14.3.1.2 For regression, verify by calculating percent drift between the actual and 
quantitated standard using the following equation: 

Percent Drift= _(R.....:2:;_-_R--'r'--) 
R1 

where: 

R1 = Actual value 
R2 = Quantitated value 
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15.0 

15.1 

15.2 

15.3 

15.4 

14.3.2 Percent difference or percent drift must be within ±20% of the actual value for samples 
analyzed by method 8081 B. Percent differenc~ or percent drift must be within ±15% 
of the actual value for samples analyzed by method 608. Percent difference or percent 
drift must be within ±10% of the actual value for samples analyzed by :"( 608.2 
(methoxychlor). 

ANALYTICAL PROCEDURE n 
The analysis sequence begins with a hexane run (BLK) followed by the A' check, then 
the initial continuing calibration verification (CCV) which is _a same-sourc~on standard. 

After every 10 sample injections, analyze a continuing calibration Cc~on (CCV) standard at 
the same concentration as the initial CCV. Each analyte must ~n criteria specified in 
section 14.3.2 on both columns or all associated samp~e d reanalyzed with an in-control 
CCV except for the following exception: . . 

15.2.1 If CCV re~ponse is outside the JdQQfil ac~e t and analyte is not detected in 
the associated samples then those samp o need to be reanalyzed. The CCV 
outside the JdQQfil acceptance limit 1'.. dem~ ates that analyte will be detected if 
present V 

15.2.2 However, reanalyze all assa· '" ~ s with any analyte that !.§ detected even for 
this exception. '-~ 

Identify pesticides by compar~· p k tion times in the chromatogram with standar.d peak 
retention times. For a ~os· · · . tion, .the analyte retention time must elute within the 
calculated retention time · ow. 

For each target analyte, eten n time window must be calculated: 

15.4.1 Ma~ "ections over a minimum of. a 72-hour period and record the retention 
t!m p.v Ii. A retention time spreadsheet is located on the laboratory intranet 

1~~te standard deviation of the average retention time. For toxaphene and ~ne, choose the major peak. 

alculate the retention time limit by multiplying the standard deviation by three. The 
retention time window is ±3 times the standard deviation . 

.4 All reportable analyte quantitations must elute within the retention time of the first 
calibration verification of the day, plus/minus the retention time limit. 

15.4.5 All injections run after the first calibration verification of the day must pass retention 
time window criteria. Any sample extract injected after a retention time window failure 
must be re-injected. 

15.4.6 For toxaphene and chlordane, use retention time windows for quantitation but rely 
primarily on pattern recognition for qualitative identification. · 
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15.5 

15.6 

15.7 

. 15.4.7 Re-run the retention time window study when a new column is installed, significant 
changes in the instrument occur or when operating conditions change. 

Example chromatograms showing elution orders on RTX CLP and RTX CLP2~ol ns are 
provided in Attachment 23.7 (Figure 3), Attachment 23.8 (Figure 4) and Attachment 23 (Figure 
5). . 

All analyses must be injected within 24 hours from the first injection of th@Y. hich is the 
hexane blank or blank spike. Analyses injected outside the 24-hour. windCj e re-injected. 

· The degradation check standard must be injected at a minimum of e ry rs to verify 
system inertness. 

All targeted analyte identifications must be confirmed by running ot::'e ~ondary column or by 
gas chromatography/mass spectrometry (GCMS). Q' 
15.7.1 When confirmation is made using a second col n, tli secondary analysis must meet 

all QC criteria described for the primary~. m inc ding calibration and retention 
times. Evaluate the agreement between r, ul ft entification has been confirmed 
by relative percent difference. 

15.7.2 Calculate relative percent difference ~ll•m) •~ing the formula below where R1 and R2 . 

are the two results. .The vertic~r~ i¥numerator indicate the absolute value of 

the .. d.i·ff·· eren~. Therefure, Rr\V positive value. 

RPD ~.IR1 Rzl20~v 

15.7.3 If one res~:·i~~--:gher (ifRPD is greater than 40%), check to see Wan 
obviously ov ~~eak is causing one erroneously high result. If no overlapping 
peaks ar te xamine the baseline parameters established by the instrument data 
systaeo ) during peak integration. If no anomalies are noted, review the 
chro ·c conditions. 

15.7.4 e. evidence of chromatographic problems such as overlapping peaks, report 
the I er result (unless otherwise specified) with narration as to the disparity between 

~olu results. 

j~ RPD is less than 40%, report from the primary column. . 

15. k reportable results for being a false positive due to poor integration or peak integrity (more 
than peak) on both columns. Manual integration must only be performed in strict adherence 

to TriMatrix SOP GR·10-115. 

15.9 If peak response exceeds the calibration range, prepare a dilution of the extract and re-inject. 
Dilute only enough to bring peak responses exceeding the calibration into the middle of the 
calibration range. 

16.0 CALCULATIONS AND DATA HANDLING 
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16.1 Quantitate using average CF or regression as discussed in Section 14.0. 

16.2 The instrument software applies the appropriate equation to calculate ng/uL (mg/L) of extract 

16.3 

concentration: 

PeakHeight(s) 
ng I uL(AverageCF) = -----

CF 

For water samples: 

v.; 

For soil samples: 

sample concen tw g) = --------

~ · V,(PS) 

· ~ - Total extract volume (µL) 
= Post-extraction dilution factor (µL + µL)/(total µL) . a = Initial sample volume (ml) 

s = Initial soil sample mass (g) r ~ · S = Soil solids fraction (use 0.98, not 98%) 

17.0 D~~NG AND DELIVERABLES 

17.~~nning samples are responsible for data quality and for filling in all documentation and 
pa rwork correctly. It is important to document analysis by correctly filling in, handing in and 

iving all paperwork correctly. . 

17.2 Laboratory Information Management System (Element™) data transfer must be in accordance 
with TriMatrix SOP GR-10-123. If internal chain-of-custody is required, it is very important that a 
CoC form be filled in correctly and completely. 

17.3 All run, maintenance, CD archival and standard logs must be filled in completely and correctly. 
Corrections on hardcopy must be made with a lineout (not a writeover) and must be initialed and 
dated. Blank lines in run logbooks must be Z'd out. Refer to Attachment 21.12 for a run logbook 
example. 
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17.4 

17.5 

18.0 

18.1 

18.2 

All calibration run hardcopy must be archived in the correct storage box. 

All other analysis documentation must be archived appropriately for ease in retrieval. \ 

QUALITY ASSURANCE ~~ 
In addition to quality control in previous sections of this procedure, theo· ac must be 
included: 

Blanks Q 
18.2.1 Before calibrat~on or t~e first calibration verification ~f th C~) is run, a solvent 

blank (BLK) 1s required to show the sys~e free rom interferences and 
contamination is at or below the reporting r t. T BLK is hexane, spiked with 
surrogates. At a min.imum, the solvent bl~au e n at the beginning of each 24-
hour shift. The solvent blank will be i ct frequently if contamination is 
suspected from a high level extract or if lab o ntamination is in question. 

18.2.2 When contamination is found above )... ... n~e reporting limit, re-inject the blank. If 
contamination is still observed, ~r~i~~~urce of interference and correct before 
proceeding with calibratione· · cv. If the contamination source cannot be 

18.2.3 

located, notify the labora ry s sor. Do not analyze sample extracts on a 
contaminated system. 

18.2.3.1 

M..1~1!1!11•.rianic-free laboratory reagent water for water samples or 
pies: 

through every step in the extraction, 

If there are reportable results in the extraction blank but all associated 
sample extracts are non-detect, their data may be used but must be 
narrated. 

If there are reportable results in sample extracts, re-extraction of all 
associated samples and extraction quality control must be performed when 
sample volume permits. If not, consult the area supervisor and/or the 
project chemist. 

18.3 Surrogates 

18.3.1 All solvent blanks and extracts must be spiked with decachlorobiphenyl and 
tetrachloro-m-xylene surrogates before injection. 

18.3.2 Until 20 samples of a given matrix are analyzed, the recovery window will be 50-150%. 
Once 20 samples of a given matrix have been analyzed, laboratory recovery limits 
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18.4 

must be generated and used. Surrogate recovery windows must be updated annually, 
by matrix. 

Calculate surrogate recovery for each extract injected. 

If recovery is not within acceptable limits, consult TriMatri-- c-nl GR-03-18.3.2.2 

18.3.2.1 

101 to determine when and how data is qualified. ~~ 
18.3.3 Upper a,Qd lower control limits for each surrogate are generat·. a aintained in 

Element as follows: 

Upper Control Limit (UCL) = p + 3s c; . 
Lower Control Limit (LCL) = p - 3s 

s = Standard deviation of the averag er ~~very 
;here~ Average percent recovery ~A 

18.3.4 Use two standard deviations as surr~ co'! imits when three standard deviations 
give a negative lower control limit. V 

Analyze matrix spikes and blank spike~~ 
18.4.1 To assess extraction ·c1 cy, tract a matrix spike (MS)/matrix spike duplicate 

18.4.2 

(MSD) and a blank s e S east once every 20 samples extracted, per matrix. If 
one to ten sample d in a month, at least one matrix spike and matrix spike 
duplicate is req · d. nk spike must be extracted daily. 

ike atrix spike duplicates and blank spikes have been analyzed, 
11W•Ma~spike recovery and duplication, and blank spike recovery must be 

.... fl~l.!inst a default window of 50-150% and a maximum limit of 20% as RPD. 

18.4.3 a·cal r, covery control li.mits are calculated and maintained in Element™. Analyte 
pike ery is based on the following calculation: 

(Aspk - Asmp) 
% recovery= x 100 

.... ~ where: SPK 

V Aspk = Actual concentration found in the spiked sample in ug/L 
Asmp = Concentration found in non-spiked sample in ug/L 

SPK = (concentration of spiked standard in ug IL x ml spiked J 
initial sample volume in L . 

· 18.4.4 The statistical duplication control limit is calculated and maintained in Element"". 
Analyte spike duplication is based on the following calculation: 
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where: 
SPK1 = ug/L found in matrix spike (MS) 
SPK2 = ug/L found in matrix spike duplicate (MSD) 

18.4.5 Control limits must be updated at least annually. 

18.4.6 If recovery or precision is not within acceptance limits, 
101 for corrective action and whether data must be narra 

18.4. 7 If the blank spike is out-of-control, the proble mu be immediately identified and 
corrected before further samples for that a~al e n be un or extracted. 

18.4. 7 .1 The purpose of the blank spiK · o v 1 that out-of-control recoveries in 
the MS/MSD are the rest._of m~ · terference rather than extraction or 
system error. . V 

18.4.7.2 Failure of any 5"1•.,;: spike requires corrective action, depending 
on the failed pa me' V' 

18.4.7.3 A non-~ca port must be completed and every effort must be 

mis- rac . 
m~~e e · the root cause of the failure (examples: mis-spiked, 

18.4.8 If insufficient pl received to perform a matrix spike/matrix spike duplicate, the 
report m ated as follows: 

GN~ o insufficient sample volume received, no matrix QC is available with 
this~atch. 

18.5 Field duCe~re specifically required for methoxychlor analysis, by method 608.2 . 

1~~ duplicate analysis must be performed every 10 samples . 

..... ~~amples with reportable methoxychlor within the extraction batch must be spiked if 
~ possible. Otherwise, choose a sample at random. 

18.5.3 Calculate relative range (RRi) for the field duplicate as follows: 
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13.6 

19.0 

19.1 

18.5.4 Until enough data is available to calculate statistical control limits, acceptability must be 
based on a maximum of 20% RRi for samples having reportable methoxychlor 
concentrations. 

Corrective action for out-of-control data must be performed in accordance with T!Mt SOP 
GR-03-101. 

DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION . ~ 
Before act. ual sample analysis, each analyst must demonstrate the abili' Orate acceptable 
accuracy and precision by running an Initial Demonstration of C:.ea~ While IDCs are 
not instrument dependent, one is also required on each instru nt us to demonstrate the 
instrument's ability to generate acceptable accuracy and precision. 

19.1.1 The initial demonstration of capability (IDC) maAmplished as follows: 

19.1.1.1 Spike four 1000 ml aliquots ~t;~.or r3 310 g aliquots of sodium sulfate 
so the resulting extract concenvn the lower half of the calibration. 

19.1.1.2 Process the fo!Jr spiked ·q through every step outlined in the 

19.1.1.3 

extraction, clean-up anal procedures. 

t he IDC spreadsheet located on the laboratory 
mg/kg. 

calculate average percent recovery and standard 

limits 

If either criterion is not met, locate and correct the source of the problem 
and repeat the study successfully. 

Repeated failure will confirm a general problem with the procedure and/or 
techniques used. If this occurs, locate and correct the source of the 
problem, revise the procedure and/or techniques used then repeat the 
study successfully. 

19.1.1.9 Samples may not be analyzed by any analyst or on any instrument until a 
demonstration of capability study has been successfully completed. 

19.1.1.10 Give a copy of all IDC study attempts to the Quality Assurance 
Department. 

19.1.2 A continuing demonstration of capability (CDC) is required annually by one of the 
following approaches: 
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19.2 

20.0 

20.1 

19.1.2.1 By repeating the IDC study. 

19.1.2.2 By inputting 4 consecutive blank spike results obtained during the course 
of routine sample extraction/analysis into the IDC spreadsheet. 

19.1.2.3 By extracting/analyzing a successful blind performance eval~~.:-' sample 
during the course of routine sample extraction/analysis. ~~ 

19.1.2.4 By inputting the last four results. from a method d~· . it study into 
the IDC spreadsheet if exclusively analyzed by the al 

19.1.2.5 Give a copy of all CDC attempts to the Quali~u~ epartment. 

A Method Detection Limit (MDL) study must be performed annuall~rdance with TriMatrix 
SOP GR-10-125. A 
POLLUTION PREVENTION /,iv 
Maintain an inventory of all chemicals used in t lab~ monitor their use. 

20.2 Never dispose of laboratory chemicals with~~~~t ~ rencing appropriate written instructions of 
disposal for that particular material. R~ v1x SOP GR-15-102. 

20.3 Conserve the use of chemicals'7'J___~le. 

20.4 Comply with all environm7·'iated with chemicals in the laboratory. 

21.0 WASTE MANAGE~~ 
21.1 Consult the apg~ial Safety Data Sheet (MSDS) when disposing of chemicals. 

21.2 To miniai t env· nmental impact and costs associated with chemical disposal, order and 
use onl~ . e mi amount of material required. 

::.: ~CES tions in TriMatrix SOP GR-15-102 for laboratory waste disposal. . 

22. ~ Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3d Edition, Final 
Update IV, Revision 2, February, 2007, Method 8081 B, "Organochlorine Pesticides by Gas 
Chromatography" 

22.2 40 Code of Federal Regulations, most current edition, Part 136, Appendix A, Method 608, 
"Organochlorine Pesticides and PCBs" · 

22.3 Methods for the Determination of Nonconventional Pesticides in Municipal and Industrial 
Wastewater, Volume 1, Method 608.2, "The Determination of Certain Organochlorine Pesticides 
in Municipal and Industrial Wastewater" 
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23.0 ATTACHMENTS 

23.1 
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Table 1 
Targets and Surrogates, Retention Times and CAS Numbers 

Analyte RTXCLP RTX CLP2 CAS# 
Aldrin 12.37 13.77 309-00-2 ~ 
a-BHC 10.17 11.32 319-84-6 
b-BHC 10.98 12.25 319-95~ d-BHC 11.34 12.90 319-86 
g-BHC, (Lindane) 10.82 

12.10 ~ 4,4'-DDD 15.26 16.95 7 - 4-
4,4'-DDE 14.15 15.83 -55-9 
4,4'-DDT 15.78 17.57 
Dieldrin 14.74 16.24 6 57-1 
Endosulfan I 14.29 15.71 98-8 
Endosulfan II 15.59 
Endosulfan sulfate 17.17 1 1 1031-07-8 
Endrin 

15.18 ~ 72-20-8 
Endrin aldehyde 16.37 1 7 7421-93-4 
Heptachlor 11.78 .0 76-44-8 
Heptachlor epoxide 1024-57-3 
Methoxychlor 16.66 .83 72-43-5 

13.54v., 

a-Chlordane 1 2 15.57 5103-71-9 
g-Chlordane 15.28 5103-74-2 
Endrin ketone 17. 19.47 53494-70-5 

2051-24-3 
Tetrachloro-m-xylene (s . 1 9.93 877-09-8 

Table 1A 

& onse compound 

s, Retention Times and CAS Numbers 

RTXCLP RTXCLP2 
9.79 10.74 
13.03 12.88 
15.32 15.34 
15.86 17.63 
15.28 15.02 
16.68 19.02 

23.46 27.84 

18.01 21.74 

** ** 

** ** 
** ** 

**Multi-response compound 

CAS# 
2303-16-4 
465-73-6 
143-50-0 
72-43-5 

510-15-6 

57-74-9 
8001-35-2 
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Table 2 
Minimum Reporting Limits 

Compound Water (ug/L) Soil (mg/kg) ~ 
Aldrin 0.010 0.0017 
a-BHC 0.010 0.0017 
b-BHC 0.01 O 0.0017 ~ 
d-BHC 0.010 0.0017 
g-BHC, (Lindane) 0.010 0.00170 
4,4'-DDD 0.010 0.001 
4,4'-DDE 0.010 0.001 
4,4'-DDT 0.01 O §? 
Dieldrin 0.010 .0017 
Endosulfan I 0.010 1 
Endosulfan II 0.010 ~0.0 
Endosulfan sulfate 0.010 0.0017 
Endrin 0.010~ 0.0017 
Endrin aldehyde 0.010 0.0017 
Heptachlor 0.010 0.0017 

~:~~~~~~~1~foxide a~~~o . ~ ~:~~g 
Toxaphene :~~ 0.0170 
a-Chlordane 0.0017 
g-Chlordane 0.0017 
Endrin ketone .010 0.0017 
Diallate ~ 0.020 0.0033 
lsodrin ~ 0.010 0.0017 
Kepone 0.010 0.0017 
Mirex 0.010 0.0017 
Chlorobenz~~ 0.010 0.0017 
Chlordane, ~rade 0.025 0.0083 

0 
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Table 3 
Method Detection Limit S_tudy Example 

...A...TriMatrix 99 Laboratories, Inc. 

o~ c; 

gamma BHC 

beta BHC 

...... ' -.... ' .......... ' ' .. ' .. ' . . ·.·.·.·.·-·,·.·.·. 

M~~ • . li~i~: Mi<iii.it•. ·.•. u.·n ... u.•.• • i< .. ~~ 
(;;tiitioC; • • ·~~··~~:: s~kii<i· ::: : : . ~P' .... •: 

608/8081A 

608/8081A 

6081808!A 

1/1012004 

l/1012004 

3/1512004 

0.008 

.0.008 

0.008 

0.007 

delta BHC 608/8081A 'J/1012004 0.008 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L Heptachlor 608/8081A 1/1012004 0.008 

Aldrin 

HeptachJor Epoxide 

g..Chlordane 

a.Chlordane 

4,4'-DDE 

Endosulfan I 

Dieldrin 

Endrin 

608/8081A 

608/8081A 

608/8081A 

608/8081A 

608/8081A 

608/8081A 

608/8081A 

608/8081A 

4 04'-DDD 608/8081A 
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Figure 1 
Analytical Standards Report Example 
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Figure 2 
DDT Calibration Curve Example 

Fit Analysis Output For Method File: "C:\TC4\GC158\PE04304A.MTH" 
Component Name: "4,4'-DDT" 
Date: 5/3/04 Time: 15:52 

Curve Parameters: 

Curve #1 : lst Ortle.r 
Weighting Factor - 1. 0 (No Weighting> r2 • 0, 997960 

Level 
Name 

gr03120 4.6.doc 

Calibration Curve • ( 11057. 842158) + (2099938. 639920)X 

a. 020161 
0.043679 
0.082683 
0. 157904 

Delta 

0.002913 
0.001520 

-0.000167 
-o. 003679 
-o. 002683 

0. 002096 

4,4'-DDT 

0.07S 0.100 

\Diff. 

139. 534 
17. 931 
-0. 828 
-8. 423 
-3 .245 
1. 327 

Vol Adj Amt 

Obaec-ved 
Y-Value 

15441.228 
28864 .284 

. 53407 .121 
102781. 740 
184687.139 
342646.215 

0.125 

Calculated 
·Y-Value 

21557. 535 
32057. 229 
53056. 615 
95055. 388 

179052.933 
347048. 025 

0.1~0 

Delta 

-61l6. 308 
-3192. 945 

350. 506 
7726.352 
5634. 204 

-4401. 810 

%Di ff. 

-28. 372 
-9. 960 
o. 661 
B .128 
3. 147 

-1. 268 
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Sample Na.me 
FileName 
Method 
Start Time 
scale Factor 

:::1 
3 
"' 
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Figure 3 
Pesticide Chromatogram On RTX CLP Column 

Chromatogram 

-CAL4 Sample I: 
C: \TC4\GC158\AB108\08A 252 .!U\11 Date : 5/3/04 15: 50 
PE04304A.MTH -
0.00 min 

0 .0 
End Ti.me 22. 55 min 

Ti.Ina o.f Injection: 4/29/04 
Low Point : O. 00 mv 

Plot Offset: 0 mV 

ll=~#=lll----13.46 

~-.. ~~---13.97 

Plot Scale: 5'75.0 mV 

Response [ mV] 

Revision Number: 
Date Revised: 
Date Initiated: 
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Sample Name 
FileName 
Method 
Start Time 
scale Factor 
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Figure 4 
Pesticide Chromatogram on RTX CLP2 Column 

Chromatogram 

-CAL4 
C: \TC4\GC1SB\AB108\08B 271. RAW 
PE04304B.MTH -
0. 00 min End Time 22. 55' min 

o.o Plot Offset: O mv 

Sample 8: 
Cate : 5/3/04 15: 52 
Time o! Injection: 4/29/04 
Low Point : O. 00 mV 
Plot Scale: 575. 0 mV 

Response [mV] 

Revision Number: 
Date Revised: 
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Figure 5 

Revision Number: 4.6 
Date Revised: 9/19/11 
Date Initiated: 10/12/94 

Chlordane Multi-Component Pesticide Chromatogram 

Sample Name 
Fi.leName 
Method 
Start Time 
Scale Factor 

gr03120 4.6.doc 

Chromatogram 

CHLORDANE 
C: \TC4\GC158\AB107\07A 046. RAH' 
TC04074A.MTH -
0.00 min 

0 .o 
End Time : 24.55 min 
Plot Offset: 0 mV 

Sample #: 
Oat.a : 5/3/04 15: 59 
Time of Injection: 4/7/04 
Low Point : 0. 00 mV 
Plot Scale: ·700.0 mV 

Response [rnV) 

10: 13 
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Figure 6 
Data Review Report Example 

TriMatrit Laboralories. Inc. Data Review Report····· 
Sequence= 7102946 Page I of21 

~ 
0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

011011!3-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

0710183-24 

~ 
8081A PESTs (master isl) 

8081A PESTs (master tist) 

8081A PESTS (mastertist) 

. 8081A PEST s (master tist) 

8081A PESTs (master list) 

8081A PESTs (master fist) 

8081A PESTS (mas1er hst) 

8081A PESTs (master isl) 

~ 

0.0695 

0 

0 

0 

0.0869 

0.085 

80 

40 

40 

40 

40 

40 

40 

40 

11 

00 

000 

000 

00 

00 

70 

6.8 

rn!!!.!!!!!!!!k! ~ 
080 S009 

0.40 S009 

S009 

S009 

2000 S009 

2000 S009 

0.40 S009 

0 40 S009 

-cl 

-cl 

0712971 

1 0712971 

1 129 0712971 

CJ 1(ll291200; : ~: ~~~ ~;::;: 
11l'29l2007 1:29 DJM 0712971 

10/2M007 1:29 DJM 0712971 

8081A PESTS (master list) 0 om 80 12 0 80 S009 10/2912007 1:29 DJM 0712971 

8081APESTs(masterlist) 0.0678 20 2.7 020 S009 ~ 1()12912007 129 DJM 0712971 

8081APESTs(masterlist) 00681 40 5.4 040 S009 1()129(.1007 129 OJM 0712971 

:::~~;::::::::: ~= : :1: ~:40 :so!~: V ::~ ::: ~~~ ~~::~: 
8081APESTs(masterlist) 40 00 1(ll29l2007 1·29 DJM 0712971 

8081APESTs(masterlist) 40 00 ~ 1()129/2007 1:29 DJM 0712971 

8081APtSls(masterl~t) 40 00 5009 1!l'29J'2001 1:29 UJM 0112971 

8081APESTs(masterust) 0.0903 40 1.2 40 S009 1(\129i2007 1:29 DJM 0712971 

8081APESTs(masterl!st) 00693 20 ~ 1!V29/2007 1·29 DJM 0712971 

8081APESTs(masterlJst) 06::0 09 1!V291'2007 129 OJM 0712971 

8081A PESTS (master isl) 0 0 40 S009 10/291'2007 1.29 DJM 0712971 

8081APESTs(masterlist) 0 00 040 S009 1!V29l2007 1:29 OJM 0712971 

8081APESTs(masterlist) ~ 00 040 S009 1ll@'2007 1:29 OJM 0712971 

8081APESTs(masterlist) 00 040 S009 1!V29/2007 1:29 DJM 0712971 

8081APESTs(masterlist) 00 040 S009 1()129'2007 1:29 OJM 0712971 

8081APESTs(mastertiso 00 040 S009 1!V29l2007 129 DJM 0712971 

8081APESTs(masterlis 0 40 00 040 S009 1!V29/2007 1:29 DJM 0712971 

8081APESTs 1 st) 0731 80 12 080 S009 1!V29l2007 129 DJM 0712971 

8081APES. (rrasterhsQ 0 40 00 0.40 S009 1!V29/2007 129 OJM 0712971 

0.0959 80 15 0.80 S009 1!V2912007 1:29 DJM 0712971 

0.0686 

40 

40 

40 

40 

80 

0.0 

00 

00 
00 

11 

0.40 S009 

0.40 S009 

0.40 S009 

0.40 S009 

0.80 S009 

1()'2912007 1:29 OJM 0712971 

1!V2912007 1:29 DJM 0712971 

1CV2912007 1:29 DJM 0712971 

1()1292007 1 :29 DJM 0712971 

1!V2912007 1:29 DJM 0712971 
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Figure 7 
Preparation Batch Report Example 

T riMatrit Laboratories, Inc. PREPARATION BATCH I 07129711 Page I of! 

Semivolatiles GC, Water, 3510C Liquid-Liquid Extraction 
Surrogate#! = 7070019 (Pre-Prqi) 

Batch Comments: (none) 

\VlTk (:R"da Analysis Work Order Analysis 
0710183 8081A PESTs (master list) 0710183 8081A MDEQ Pests 

Initial Faw uL 
LaliNumli<r Colllllm Prtpartd By {ml) (ml) Sll1r0gall So111C1!D 

0712971-8LK1 Oct25-07 1818 ASC 1000 1000 

0712971-DUP1 Oct25-07 18:18 ASC 1000 1000 0710183-24 

0712971-DUP2 Oct25-07 18:18 ASC 1000 1000 0710183-25 

0712971-851 Oct25-071818 ASC 1000 1000 

0710183-24 A Oc~25-0718:18 1000 1000 

0710183-24 A Oct25-071818 ASC 1000 1000 

0710183-24 A Oct25-07 1818 1000 

0710183-25 A Oct25-0718:18 ASC 1000 

0710183-25 A Oct25-0718:18 1000 

0710183-25 A Ckt25-071818 1000 

0712971-8LK2 Ocl-31-07 1518 KB9 

0712971-DUPJ Oct31-071518 DUPLICATE 

0712971-DUP4 Oct31-07 1518 DUPLICATE 

0712971-852 ()(t31-0715:18 7080865 200 LCS 

0712971-853 7070887 200 LCS 

0710183-30 A 1000 

0710183-30 A 1000 

0710183-30 A 1000 

0710183-36 1000 

0710183-36 1000 1000 

1000 1000 

gr03120 4.6.doc 
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Added for 8atchQC in 0712971 

Added for BatchQC in 0712971 

chlordane 

toxaphene 

Added Ill' 8atchQC in: 0712971 

Added for BatchQC in 0712971 

GOOD WP T otaJ Chlordane 

Added for 8atchQC in: 0712971 

GOOD WP T oxaphene 

Added for Ba!chQC in 0712971 
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Figure 8 
Instrument Run Log Example 
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SOP Name: Polychlorinated Biphenyls (PCB) by Gas Chromatography 
EPA Method 608, SW-846 Method 8082A 

Revision Number: 2.7 
Date Revised: 2/17/12 
Date Initiated: 4/2/98 SOP Number: GR-03-128 Page 2 of 34 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

2.1 

SCOPE AND APPLICATION 

This procedure is used to quantitate polychlorinated biphenyls (PCBs) as extracted Aroclors from 
water, wastewater, soil, wipes, oil and waste samples. Aroclors are multi-component nalytes. 
When samples contain more than one Aroclor, a higher level of analyst expertise is r uired to 
attain accurate qualitative and quantitative analysis. The same is true of Aroclor cted to 
environmental degradation (weathering) or degradation by treatment teclies. Such 
degraded mixtures may have significantly different peak patterns compared to ocl . stan ards. 

This procedure uses a dual-column system in addition to characteri~ matching to 
confirm the identity of any Aroclor found. · V 
Default report;ng limits (RL) are listed in Attachment 23.1. CJ 
Note: Reporting limits are highly matrix depende.nt an~fault reporting limit might not be 

achievablewith all sample matrices. 

The linear calibration range begins at the reporting ~1t 1 ases to approximately 32 times 
the reporting limit. The range of analysis may bee Cle pward by diluting extracts into the 
linear calibration range. '-.. ~ 

This analysis is restricted for use by or ~r y~ervision of analysts experienced in gas 
chromatography and chromatographicf"'\• of PCBs. . 

PRINCIPLE METHOD REFER~u 
Test Methods for Evaluat~· Soli aste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 
Update IV, February, 00 Me od 8082A, "Polychlorinated Biphenyls (PCBs) by Gas 
Chromatography", Revis 0, cember, 1996 

2.2 · Code of Fedeg ations, Title 40 Protection of Environment, Volume 19, July 1, 2001 
Edition, Chap r I v nmental Protection Agency, Part 136 Guidelines Establishing Test 
Proced~o~ e lysis of Pollutants, Appendix A, Method 608, Organochlorine Pesticides 

andPCU 

3.0 ~OF PROCEDURE 

3.1 ..... ~~lysis, extracts are injected into a gas chromatograph (GC) with two simultaneously 
~d columns. The volume injected is 1.0 µL. 

3.2 After separation by the column, response is obtained with an electron capture detector (ECD). 

3.3 Sample concentration is determined by comparing sample response to a previously run and 
verified calibration obtained from certified standards of known concentration. 

4.0 PARAMETER OR COMPOUND LIST 

gr03128 2.7.doc 
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4.1 Aroclors available for analysis are listed below. Other Aroclors may be analyzed provided an 
acceptable demonstration of capability is performed which includes all steps of the extraction, 
cleanup and analysis. 

5.0 

5.1 

5.2 

5.3 

5.4 

Com ound 
Aroclor 1016 12674-11-2 
Aroclor 1221 11104-28-2 
Aroclor 1232 11141-16-5 
Aroclor 1242 53469-21-9 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Aroclor 1262 
Aroclor 1268 1110 

REFERENCED SOPs ~ 
TriMatrix SOP GR-04-101, Semi-Vola~ile 0 an~.c tory Corrective Actions, latest revision 

TriMatrix SOP GR-09-105, Waste Dilu n ion Method for PCBs and Pesticides, latest 
revision 

Tri~~trix SOP GR-09-107, Ext~rganochlorine Pesticides and PCBs in Water, latest 

rev1s1on ~. '~ 

rev1s1on · · 
TriMatrix SOP GR-~t~lion of PCBs/Pasticidas in Soil, Sludge, and Wastes, latest 

5.5 TriMatrix SOPO , Sulfur Cleanup, latest revision 

5.6 TriMatrir ~ - 11 O, Sulfuric Acid Cleanup, latest revision 

5. 7 T~~R-09-111, Florisil Column Cleanup, latest revision 

5.8 ~ ~P GR-09-120, Florisil/Si/ica Gel cleanup of PCBs, Toxaphene, Chlordane, latest 

5.9 ~atrix SOP GR-15-102, Laboratory Waste Disposal, latest revision 

5.10 TriMatrix SOP GR-10-125, Method Detection Limit (MDL), latest revision 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

6.1 Samples often have components that interfere with electron capture detection and/or capillary 
column chromatography. To minimize interference, extracts are cleaned up before analysis. 
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6.2 

6.3 

6.3 

7.0 

7.1 

7.2 

7.3 

7.4 

Solvents can introduce oxygenates and sulfur compounds when concentrated after sample 
extraction giving an undesirable ECD response. Such interferences often coelute with PCB 
congeners. All extraction solvents must be demonstrated interference-free by the analysis of 
blanks. Use only pesticide grade or better solvents. Each solvent lot from a vendor must be 
tested for acceptance prior to use. Once the lot is documented to be oontamin~y the 
analysis- of at least one extraction blank that indicates no peaks, a large quantity o st lot is 
sequestered from the vendor to ensure consistent and verified purity. Q 
Other sources of contamination are extraction equipment. Rinse all ae assware with 
pesticide grade or better methylene chloride immediately before use. U on e ent grade or 
better reagents. . 

Carryover can occur whenever highly concentrated samples prec e the nalysis of low or non
detect samples. To reduce carryover, autosampler syringes are ri d tween each injection. 
When necessary, analyze a solvent blank immediately a~ lev sample. If carryover is 
suspected and/or observed in the solvent blank, all affect,V s must be re-analyzed. 

SAFETY PRECAUTIONS ~ 
Wear a laboratory coat and approved safet~ss~ while in the laboratory. In addition, 
disposable gloves must be worn wheneveryi'pl~agents are handled. The only exception 
to the safety glasses requirement policg~yng at a computer station. 

Follow all instructions outlined~·n "Mat Laboratory Safety Manual and Chemical Hygiene 
Plan. 

For laboratory waste disp~ rl o Tri Matrix SOP GR-15-102. 

The total toxicity ~~enicity of reagents used in this procedure have not been 
precisely defined. 

7.4.1 all c als as a potential health hazard. 

7.4.2 edu posure to the lowest possible level by adherence to established safety 
polici . 

7~aterial Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
~~ed in this procedure. Consult the MSDS for detailed chemical information. 

7.5 e samples can be highly toxic and varied. Treat any exposure as a potential danger and 
ediately decontaminate the exposure. Clean waste-contaminated personal protective 

equipment before using again. 

7.6 Bring all safety issues to the attention of the Area Supervisor and/or Health and Safety Officer. 

7. 7 PCBs can cause irritation upon contact and are carcinogenic. Open, prepare and dispense 
standards and solutions only in a fume hood. 

7.8 The solvents used are toxic. Avoid contact with the skin, avoid inhalation of solvent vapors and 
do not ingest (no chewing gum in the laboratory). Open solvent containers under a fume hood.· 
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7.9 

7.10 

7.11 

7.12 

All analyzed sample extracts and expired standards must be disposed of properly. Consolidate 
and segregate all samples and extracts testing positive for any concentration of PCBs as PCB-

. containing waste. 

If a PCB or solvent spill occurs, notify the area supervisor and safety officer :~ldiately. 
Evacuate the area and begin cleaning up the spill as outlined in the safety m~~se of 
contaminated materials properly. . 

Every six months, an ECO wipe test must be performed on each detect@s t d by federal 
law. The test is used to determine whether an ECO is leaking radioactiv mate I. Three areas 
must be checked as follows: . G 
7.6.1 The detector housing 

7.6.2 The detector entrance A_ 
7.6.3 The detector exhaust /,; V 
7.6.4 Wipe tests are sent to the National L~ T~r for testing. Leak test reports are 

kept on file in the safety office. V 
Material Safety Data Sheets (MSDS) ~-'~s used are located on the laboratory Intranet 
library and can be accessed through I oz;aboratory computer. 

SAMPLE SIZE, COLLECT! VATION AND HANDLING PROCEDURES 

9.0 INSTRUMENTATION, APPARATUS AND MATERIALS 

9.1 Gas chromatograph equipped with dual 63Ni electron capture detectors and flow valves capable 
of accurately delivering very low flow rates C10 ml/min). Refer to the Equipment List located on 
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9.2 

9.3 

9.4 

9.5 

the laboratory intranet library for a full description of minimum and current .instrument 
specifications. 

9.1.1 Instrument 144 Method: 

9.1.1.1 Injector Temperature: 240° c ~ 
Detector Temperature: 320° C n 9.1.1.2 

Oven Program: Initial temperature at 160° C (no ~to 300° Cat 
8° C/min (hold 5.0 min) v 

9.1.1.4 Carrier Flow: approximately 30 cm/sec at th6 port 

9.1.1.3 

9.1.1.5 Column A: DB-35(J&W123-1933)C\. 

9.1.1.6 Column B: DB-XlB (J&W 12~,v 

Instrument 158 Method: v 
9.1.2.1 Injector Temperature'-. V 9.1.2 

9.1.2.2 Detector Temp~ ¥° C · 

9.1.2.3 Oven Pr!:?;~emperature at 120° C (hold 0.0 min), ramp to 160° 
Cat 20° Im· Id 0.0 min), ramp to 300° Cat 7° C/min (hold 5.0 min) 

9.1.2.4 C~. pproximately 30 cm/sec at the injection point 

9.1.2.5 ~~ A: RTX-ClP I (Restek 11140) 

9.1 :a~ B: RTX-ClP II (Restek 11340) 

Software r a personal computer workstation possessing the capability to collect and 
archive alysi data. Refer to the Information Technology (IT) department's Computer Inventory 

~
ta s .for inimurri and current computer specifications associated with the analytical 

i um t. 

..... ~- . Refer to the Equipment List located on the laboratory intranet library for a full "'1J description of minimum and current instrument specifications. 

Note: Refer to the Information Technology (IT) department's Computer Inventory Database 
·for minimum and current computer and software specifications associated with the . 
analytical instrument. 

Microsyringes, glass, various sizes, gas-tight 

Autosampler vials with PTFE-faced silicone septa, 2.0 ml 

Amber vials, with PTFE-lined screw caps, 40 ml 
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9.6 Volumetric flasks, 10, 100, and 1000 ml class A 

9. 7 Analytical balance, capable of accurately weighing to 0.0001 g 

9.8 Pasteur pipets, 2 ml, disposable, glass 

9.9 Vials, borosilicate glass with PTFE-lined screw caps, 10 ml 

Revision Number: 2.7 
Date Revised: 2/17/12 
Date Initiated: 4/2/98 

~~ 
:::~ :~:11:::Rg::E::::::::P::N:::uipped with silicone se~ohermogreen or 

equivalent) which eventually core and leak. These must be repla d to oid contaminating the 
injection port liner with rubber particles and to eliminate column ble . lace septa frequently 
enough to prevent leaking and bleed problems and/or afteQimate y 100 injections. 

10.2 Injection port liners can become a source of contam~· io nd w restriction by accumulating 
sample debris and septum particles. Periodically re c e ction port liners to minimize the 
loss of peak resolution. · 

10.3 When conditions merit, clip about 6 inches off ~fro~of the analytical column. When column 
resolution or chromatography deteriorates~ ~.~ a~n b1e solved by column clipping, the column 

must be replaced. G' V 
10.4 Electron capture detectors may b ·n ble radioactive particles as they age. Wipe tests must 

be conducted every six mon e e there is no bleed. The cause is that sample 
components and constant u mperature oxidize the 63Ni foil inside a detector. Foil 
degradation also raises b line ise and decreases. the linear calibration range. When this 
happens, send the~et or t for cleaning and/or refoiling. NEVER tamper with any internal 
ECD part as this could d to diation exposure. All ECD repair must be done by an outside 
licensed profession 

10.5 Replace gas eu y. 

11.0 :~Go REAGENTS 
11.1 rds are purchased as certified solutions in heat-sealed ampoules. 

11 .4.,. ~ , pesticide grade or better . 

11.:Vium carrier gas, ultra high purity 

11.4 Nitrogen makeup gas, filtered for oxygen, hydrocarbons and moisture 

11.5 Surrogate standards - tetrachloro-m-xylene (TCMX) and decachlorobiphenyl (DCB), purchased 
as certified solutions. 

12.0 STANDARDS PREPARATION 
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12.1 Stock Standards 

12.1.1 Aroclor stock standards are purchased as certified solutions in hexane or methanol at 
1000 ug/ml which are serially diluted in hexane. Stock standards are stored in 100 ml 
amber screw-cap bottles at 0 - 6° C and away from light. Being multic ponent 
analytes, PCB standards are prepared independently except for 1 54 and 
1016/1260. These analyte pairs are combined due to dissimilar eluti~s. 

12.1.2 Surrogate stock standards are purchased as certified solutionsa· e, typically at 
200 ug/ml. 

12.1 .2 Stock standards must be replaced after one year oQn · omparison with 
calibration standards indicates a problem. 

Note: Unopened purchased stock ampou~e be s ored to the expiration date 
given by the manufacturer. 

12.2 Intermediate standards are made by diluting stoc~rp")._ hexane (1:100). Intermediate 
standards are stored in 40 ml amber screw-cap vialsv C and away from light. 

12.3 Calibration Standards V . 
12.3.1 Aroclors 1016/1260 include~'-._,._ -~ peaks represented in the other five Aroclors. 

Consequently, a multi-po· t in'il~bration of the 1016/1260 mixture at six 
concentrations dem~ d ctor linearity without performing independent 
calibrations for each · h e roclors. 

12.3.2 Prepare six ca~1· ion dards containing equal concentrations of Aroclors 1016 and 
1260 and e c entrations of surrogates TCMX and DCB. Dilute with hexane. 
The concentr s c responding to the expected sample concentration range, that 
bracket t tector response are 0.04, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ug/ml for 
101e or TCMX/DCB, the concentrations are 0.0064, 0.0160, 0.0320, 0.0640, 
0.0 0, 0. 8 , 0.160 ug/ml. 

12.3.3 ~ 1a calibration standard is the minimum reporting limit. 

1~.3. \.Jame concentrations are used if a multi-point calibration is used for Aroclors other 
an 1016/1260. However, an acceptable linear multi-point 1016/1260 calibration 

justifies the use of a single-point calibration for quantitation of other Aroclors except 
when otherwise specified . 

. 5 A standard of each Aroclor is required for pattern recognition. Assuming linearity has 
been demonstrated by the 1016/1260 calibration, a single-point calibration may be 
used for pattern recognition in samples. Prepare each single-point Aroclor standard at 
0.40 ug/ml, including 0.064 ug/ml of TCMX/DCB. 

12.4 All standards must be labeled with the following information: 

12.4.1 Initials of preparer 

12.4.2 Preparation date 
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12.4.3 Concentration, with units 

12.4.4 Standard name 

12.4.5 Standard identification number as it appears in Element™ 

Revision Number: 2. 7 
Date Revised: 2/17/12 
Date Initiated: 4/2/98 

12.4.6 Expiration dates must be no later than six months from the date 
intermediate and working standards. The expiration date of an int.:•r1rrlll~ 
standard cannot exceed the purchased standard(s) expiration ate 
made. 

12.4.7 The solvent used 

12.5 All standards preparation 
example standards log. 

13.0 SAMPLE PREPARATION ~ 
13.1 Water samples are extracted in accordance wit~ SOP GR-09-107. 

13.2 Soil and wipe samples are extracted i7'¥ith TriMatrix SOP GR-09-108. 

13.3 Waste dilution samples are dill~-~ce with TriMatrix SOP GR-09-105. . 

13.4 Extracts are cleaned up fo2~dance with TriMatrix SOP GR-09-109. 

13.5 Extracts are cleaned ui:i ~h~ric acid in accordance Tri Matrix SOP GR-09-110. 

13.6 Extracts are clean:.:.:S..." Florisil and silica gel in accordance with Tri Matrix SOP GR-09-111 
or TriMatrix S~"V 

14.0 CALIB~µEDURES 
14.1 ln~"tial ~\.Ji 

allowing a clean hexane blank, run a 6-point curve for Aroclors 1016/1260 (refer to 
Section 12.3.2 for concentrations). The low standard, when extracted, is at or below 
the minimum reporting limit (500 ug/kg for waste dilution, 0.1 ug/L for water, 0.33 mg/kg 
for soil and 1.0 ug/wipe for wipes). A single-point 0.40 ug/mL calibration standard is 
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used for pattern recognition of other Aroclors. 

14.1.1.1 Inject 1.0 µL of each calibration standard. 

14.1.1.2 Choose five peaks for quantitation, which are characteristic of the pattern. 

14.1.1.3 Record the height of each Aroclor peak chosen. Try to choose peaks that 
are at least 25% of the height of the largest peak in .the Aroclor pattern. 
Later-eluting peaks are generally more stable for quantitation. 



SOP Name: Polychlorinated Biphenyls (PCB) by Gas Chromatography 
EPA Method 608, SW-846 Method 8082A 

Revision Number: 2.7 
Date Revised: 2/17/12 
Date Initiated: 4/2/98 SOP Number: GR-03-128 Page 10 of 34 

14.1.2 Determine the average calibration factor (CFavg) for the sum of the chosen peaks as 
follows: 

: . ,, 

• >;su.n~'<>r ihictiosen 

14.1.3 

·loo· 
•. -,.-.~~11=-11~~=.;.;;,,:;.;;.;;.;;..;;;...;;.;.;:.,;;.;;.~..;... 

. .· . ·. . . . '§F~~·· · ..• · . 

Note: The %RSD must be S20 to~ calibration passes through the 
origin to use average calibration c when reporting by method 8082 (or 
<10 for method 608). lf~ali ion does not in fact pass through the 
origin (as indicated~;:~ sing the lowest calibration point as a 
sample), use linear r~y ven if %RSD is acceptable. 

14.1.4 If %RSD exceeds the met.Oified limit (~10% for 608/>20% for 8082), perform 
instrument maintena~~~e calibration again. Instrument maintenance must 
be performed to ob ceptable average calibration factor or linear regression. 
When linear re~gio use , the correlation coefficient (r) must be ~0.99. 

Note: I RS · >20%, the calibration does not actually pass through the origin, 
or ·nea regression is used, a multi-point regression must be used for 

tion where a single-point calibration CFavg of Aroclor 1221, 1232, 

0 2, 1248, 1254, 1262or1268 might otherwise be allowed. 

a Single-point calibration may be used to report by method 8082 only if the 
project and/or data quality objective does not require a multi-point 
calibration. 

ote: For samples analyzed by method 608 or if project and/or data quality 
objectives dictate, detected Aroclors other than 1016/1260 must be re
analyzed with a multi-point calibration of the Aroclor. 

. 14.1.5 Construct linear regression curves by plotting peak response (height) against 
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concentration. Do not force through the origin: 

14.1.5.1 Linear regression requires five calibration points and is calculated as 
follows: 

Where: 
H5 = Height of the target analyte peak, in sample "s" 
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14.2 

14.3 

14.1.6 

14.1.7 

14.2.1 

14.2.2 

Cs 
a 
b 

14.1.5.2 

14.1.7.2 

14.1.7.3 

= 
= 
= 

Concentration of the target analyte in calibration standard "s" 
Slope of the curve 
The intercept 

Prepare a secon1Q.S~r1J•.r·bration verification standard (SCV) at 0.40 ug/mL to 
validate the inif alil:> ·on Aroclors 1016/1260 solutions. Acceptance limits for the 
SCV are liste abo tory information management system (Element™> 

1,,_ra-11&1111;;eptable, re-run the SCV once. If still unacceptable, re-prepare the --L-.... nalyze successfully. If the second SCV fails, determine the cause of 
c he problem and re-analyze the SCV successfully. Sample analysis 
n without an acceptable SCV being run. 

14.3.2 When using average calibration factor, verification is performed using percent 
difference: 

CFccv - CFavg 
Percent Difference = x l 00 

CF avg 

where: 
CFccv = Response factor from verification standard 
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CF avg = Average calibration factor from initial calibration 

14.3.3 When using linear regression, verification is performed using percent drift: 

Percent Drift= R 2 ~R 1 x 100 \ 

R1 ~ 

where: n 
R2 = Observed concentration, in ug/ml 
R1 = Expected concentration, in ug/ml Q~ 

14.4.3 A CCV is not required on the remaining Aroclors unler. ~ - oint regression is 
used. V 

14.4.4 Quantitate based on the following criteria: ~ 

14.4.4.1 If an Aroclor other than 1 o~· entified using method 8082, 
quantitate using the single-p an rd run with the initial 1016/1260 
calibration. 

Note: Single-p~·nt ~ -~ may be used for method 8082 samples 
onl~y·f ~~~~r calibration model is CFavg and may not 
be se · ject and/or data quality objectives specify 
oth ise. 

14.4.4.2 For A~r 1260, use the initial 101611260 calibration. 

15.0 ANALYTICALPRO~ 
15.1 The analysis s~n . s with a hexa.ne blank (BLK), followed by an initial calibration or on 

non-curve day, y 0 ug/ml Aroclor 1016/1260 CCV. Analyze the other Aroclor CCVs at 
0.40 ug/ml at is tim for pattern recognition. 

15.2 After evif:":o ~actions, run the 1016/1260 CCV to verify calibration remains in control. 

1~nt difference/drift must be ±15% to be acceptable for both Aroclors on both 

A ~ 2 If :::~nee/drift is less than -15%, all samples run before and after the failing CCV 
~ must be re-injected on a system that is in control to be bracketed with acceptable QC. 

15.2.3 If % difference/drift is more than +15%, samples run before the failing CCV with 
reportable results must be re-injected on a system that is in control. 

15.2.4 . If % difference/drift is more than +15% from the expected value, samples run before 
the failing CCV with results below the reporting limit do not need re-injected but only if 
the next CCV in the run sequence is greater than -15%. 
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Note: At least once per month, vary the CCV concentration to demonstrate detector and 
calibration accuracy at concentrations other than the mid-point. 

15.3 Identify individual PCB congeners by comparing the congener retention time against 
calibration peak; To make a positive identification, the peak retention time must elute 
calculated retention time window on both columns. However, PCB Aroclors must b · 
pattern recognition. ~ 

15.3.1 Many Aroclors contain identical congeners. H. owever the relati.ve a 1ght is unique 
for each Aroclor, forming a distinct pattern. To identify an ep Aroclor, the 
sample pattern of peaks must be qualitatively confirmed. en, a attern may be 
difficult to confirm because of a complex matrix or~h · Consequently, 
experience and analytical judgment must be used in the entifi ti.on process .. Aroclor 

· 1221 is unique and presents a challenge. It elutes early a simple pattern. All 
1221 congeners are part of other Aroclors and~ at affe ed by the sample matrix. 
Take extra care in identifying Aroclor 1221. Qua lively determine samples as 

follows: 4; 
15.3.1.1 Use individual Aroclor injectio ss iated with the sample run for the 

qualitative determination.'-.. ~ 

15.3.1.2 Print the sample run~ Ar¥standard runs. 

15.3.1.3 Perform an init~ ~ection of the sample run for obvious Aroclor 

15.3.1.4 

patterns. v . 
If~ a~n is suspected and/or observed on the hardcopy, pull 
the mpl n up on the instrument computer and do a side-by-side 
c pa n t e suspected Aroclor, using the associated standard injection. 

15.3.1.5 ide-by-side comparison appears to be a qualitative match to the 

a mple, perform an electronic overlay of the sample with the associated 
lor standard. 

() 

the electronic overlay confirms the suspected Aroclor, report quantitative 
results as the Aroclor. If the overlay does not match the suspected 
Aroclor, try the next closest Aroclor and continue until a match is 
determined. 

15.3.1. 7 If an exact match cannot be determined and/or if multiple Aroclors are 
observed, causing problems with pattern recognition, report the closest 
matching Aroclor with narration fully detailing the problems encountered. 

15.3.1.8 All peaks used in the qualitative determination must elute within the 
retention time windows of both columns. 

15.3.1.9 All qualitative results must be confirmed by peer review prior to quantitative 
analysis. 

15.3.2 · Aroclors can be grouped into two groups. Early eluting Aroclors are as follows: 
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15.3.2.1 

15.3.2.2 

Aroclors 1221, 1232, 1242, 1248 and 1016 are early eluters. The initial 
and most significant criterion for identification is the proportional 
relationship between peaks 1 through 7 in Attachment 23.8 (key 
identification peaks). Secondly, the absence or presence tot (ks a 
through 14. 

Quantitation Q 
Use at least three peaks, typically five from 1 thro~ chment 23.8) 
except for 1221 . Do not use disproportionate ea t void matrix 
interference. As a r.ule of thumb, relative peak rat s use for quantitation 
in samples must be within 25% of the raQin entified Aroclor 
standard. · 

and discuss in t r . rrative that matrix interference 
precluded the use c en calibration peaks. 

Note: If there is an obviou~lappin peak or other matrix 
interference precluding e us f any chosen calibration peak, 
recalibrate and re~u t sum of the unaffected peaks 

15.3.3 Late eluting Aroclors: V 
15.3.3.1 Late eluting Ard H~ally easier to identify. The following criteria 

apply: 'av 
15.3.3.1~/S.. c 54, 1260, 1262, and 1268 are late eluters 

15.~ .~ e second indication is the absence or presence of peaks 8 
~ ~ t ough 14 (Attachment 23.8). 

~~ .3 The third indication is the relationship of peaks 8 through 13 to 

O
" each other. 

62 

5.3.3.1.4 The fourth indication is the proportion of later eluting peaks. 

Quantitation. Use at least three congener peaks, preferably five. Use 
peaks later than peak 7 (Attachment 23.8) if early Aroclors are present. 
Do not use disproportionate peaks, to avoid matrix interference. 

..... . ~ 15.3.3.3 Quantitation of other than the 1016/1260 Aroclors must be against the "V appropriate Aroclor calibration. 

15.3.4 Samples containing more than one Aroclor. 

15.3.4.1 
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Once an Aroclor is identified, the same peaks cannot be used to identify a 
different Aroclor since it is impossible to identify 1248 and 1242 in the 
same sample. If both are present it will appear to be one or the other. 
Early and late eluting Aroclors are not clearly divided. If an Aroclor is 
present from each elution group, patterns may be distorted by overlapping 
peaks. This is important when attempting to identify multiple Aroclors. 
High levels of an early eluting Aroclor may appear to be later eluting peaks 
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15.4 

of a separate Aroclor and care must be taken to look at relative peak 
intensities when comparing with standard patterns. 

15.3.4.2 Peaks 1 through 7 must be used for quantitating early eluting Aroclors 
(Attachment 23.8). Peaks 8 through 14 must be used for la eluting 
Aroclors. A minimum of three peaks (preferably five) fro elution 
group are required for quantitation. These peaks hav~esho to be 
at least 25% of the highest peak. A calibration must b rf ed i using 
.other congeners than those chosen for the initial aali . with samples 
and all quality control quantitated against the c · ·on on both 
columns. 

15.3.4.3 Quantitation of other than the 1016/1260 C.oclnorr~ must be against the 
appropriate Aroclor calibration. .'\;;:;) 

Retention Time Windows r'\ 
15.4.1 Perform a retention time study by makin re -4~s of each Aroclor (not just the 

1016/1260 mixture) over a 72-hour perio d erage the results. Calculate the 
mean and standard deviation for ~.,!>"e! sed in quantitation. · Calculate the 
retention time window by multiplying th ... Vrd deviation by ±3. 

15.4.2 For a positive identification~ention time, all congener quantitation peaks 
must elute within the establ" ed r e on time window for that peak. 

15.4.3 Since an initial CCV~u b sample analysis each day/shift, establish the center 
of the retention ti · r the day/shift using the initial CCV quantitation peak 
retention times. sta the retention time window using the initial CCV retention 
times plus or u ree 1mes the retention time study standard deviation. 

15.6.1 The secondary quantitation must meet all QC criteria as required for the primary 
column, including calibration and retention times. Evaluate the agreement between 
results by calculating the relative percent difference. 

15.6.2 Calculate relative percent difference (RPO) where R1 and R2 are the two results. The 
vertical bars in the numerator indicate the absolute value of the difference. Therefore, 
RPO is always a positive value. 
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15.7 

16.0 

16.1 

16.2 

16.3 

16.4 

15.6.3 If one result is significantly higher (if RPO is greater than 40%), check o see if 
obviously overlapping peaks are causing one erroneously high result. If no o rlapping 
peaks are noted, examine the baseline parameters established by the i t data 

chromatographic conditions. · 
system (or operator) during peak integration. If no anomalies are~ rev the 

15.6.4 If there is no evidence of chromatographic problems such as o@lap g eaks, report 
the lower result (unless otherwise specified) with narrativothe sparity between 
column results. 

15.6.5 If RPO is less than 40%, report from the primary column. 

If an extract concentration exceeds the calibration ~an eQ,e extract and re-analyze. All 
extract dilutions must keep average peak response i e~~if of the calibration range. Re
dilute if concentrations are outside this range. 

CALCULATIONS AND DATA HANDLING v 
Aroclors identified in samples must b~ comparison with corresponding standards. 

Once an Aroclor has been id~Vm of the height response of congener peaks are 
compared to the sum of heig. h es of corresponding peaks in the calibration in accordance 
with Section 14.0. ~ ~ 

If any chosen quantita ~-p~needs omitted due to interference, a minimum of three peaks 
must remain for tit · n. . The calibration must be adjusted by removing any rejected 
congener peak fro med peak response. Quality control must also be re-quantitated 
using the new ak response and acceptance re-verified. 

is calculated using the extract Aroclor concentration in one of the following 

Wipe Concentration (in total ug) = (ug/ mLXveXDF) 

Soil Samples: 

Sample Concentration (in mg/kg)= (ug!mLXVeXDF) x 1000 
(Vs)(PS) 

where: 
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17.0 

17.1 

17.2 

17.3 

17.4 

17.5 ived appropriately for ease in retrieval. 

18.0 

18.1 

If in~· ample is received to perform a matrix spike/matrix spike duplicate, the 
rep mus arrated as follows: 

~O~ ue to insufficient sample volume received, no matrix QC is available with 

Note: 

~mple batch. 

18.2 ~bration, initial CCV or samples are run, a solvent blank must be analyzed to 
strate the analytical system free from interferences and contamination at the reporting 
olvent blanks must be run more frequently when showing evidence of carryover. The 

ction blank (BLK) may be used as a solvent blank to minimize runs. 

18.2.1 The extraction blank (BLK) is laboratory reagent water extracted with hexane as a 
sample and containing surrogates. 

18.2.2 The BLK must be non-detect at the minimum reporting limit. 

18.2.3 At a minimum, the BLK is run at the beginning of every analytical shift and/or with each 
batch of up to 20 samples. Whichever is more frequent. 
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18.2.4 The BLK must be extracted more frequently if showing contamination to isolate the 
problem. 

18.2.5 Extraction blanks must be prepared as samples, in accordance with ;rll xtraction 
procedure requirements, including cleanup. 

18.2.6 Refer to TriMatrix SOP GR-04-101 for corrective action during blank n. ina . 

18.3 Surrogate criteria are as follows: ~ 

18.3.1 All samples must be spiked with tetrachloro-m-xylene O~chlorobiphenyl 
surrogates. Until twenty samples of a given matrix ha~~d, acceptance 
limits will be 50-150% recovery. Once twenty sample f a en matrix have been 
analyzed, statistical acceptance limits must be generate E ent™ and used. At a 
minimum, surrogate recovery limits will be upd annu y on a matrix-by-matrix 
basis. Calculate surrogate recovery for each act lysis. If recovery or precision 
is not within acceptable limits, consult Tr~· · i OP R-04-101 to determine when 
and how data is qualified. · 

18.3.1.1 High surrogate recovery y be o co-eluting matrix interference from 
the sample. Examine the ro togram for evidence of co-elution. No 
corrective action is r~ed ~ 1s instance. 

18.3.1.2 Low recovery fa.b~Vpoor extraction efficiency in the matrix. Verify 
by re-extra · the mple if sufficient sample volume and hold time 
permits. 

If~ sat covery in a BLK is below the lower control limit (LCL), only 
s pl with failing surrogate recovery require re-extraction if sufficient 
s le v me and hold time permits. If BLK surrogate recovery is above 

18.3.1.3 

..... ~er control limit (UCL), no corrective action is required if sample 

0 
rrogate recovery is acceptable. 

matrix spike duplicate, re-analysis is only required if blank spike (BS) 

() 

f surrogate recovery is outside control limits in the matrix spike and/or 

recovery is also outside control limits. If the BS is out-of-control after re
analysis, all associated samples must be re-extracted if sufficient sample 
volume and hold time permits. 

... ~ Control limits are calculated as follows: 

~ Upper Control Limit (UCL) = p + 3s 
Lower Control Limit (LCL) = p - 3s 

where: 
p = average percent recovery 
s = standard deviation of the percent recovery 

18.3.3 If surrogate recovery is not within control limits, take corrective action based on 
TriMatrix SOP GR-04-101 which outlines sample re-extraction if sufficient sample 
volume and hold time permits and/or data qualification. If sample volumes and holding 
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18.4 

times permit, samples with low recoveries must be re-extracted, unless matrix 
interference indicates otherwise. Samples with high recoveries must be re-extracted 
only if there are detectable results. If many samples are out-of-control for no apparent 
reason, the gas chromatograph must be inspected for mechanical fai ure and 
appropriate repairs made. Once repairs have been made, extracts run in a ociation 
with the failure must be re-analyzed. 

18.3.4 Continuing calibration verification (CCV) surrogate recovery is handl~llows: 
18.3.4.1 If a CCV has a surrogate recovery outside cone~t surrogate 

recovery in a. II samples is in control, instrument rec ibrati and extract re-
analysis is not required. Q 

18.3.4.2 If the CCV and sample extracts have higti rr ate recovery, sample 
extracts must be rerun after instrum~alibra 1 n. 

18.3.4.3 If the CCV and sample extra~cs v ow covery, sample extracts must 
be rerun after instrument reca · at" . 

Matrix Spikes (MS) and Blank Spikes (BS) · '-. ~ 

18.4.1 Extract a matrix spike and matri · ike d¥te at a frequency of once for each batch 
of up to 20 samples for each ,,_~;~ ... 

18.4.1.1 

18.4.3 Control limits must be updated at least annually. 

18.4.4 Calculate matrix spike recovery is calculated as follows: 

( Aspk - Asmp) 
Percent Recovery = x 100 

SPK 
where: 
As pk 
As mp 

= Concentration in the spiked sample (ug/l) 
= Concentration in the unspiked sample (ug/l) 
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19.0 

19.1 

1804.5 

18.4.6 

18.4.7 

18.4.8 

18.4.9 

SPK = Concentration spiked (ug/L) [(concentration of spike standard in ug/ml x 
ml spiked) I initial sample volume] 

19.2 Prepare four bl.iii ~~vs o 1016/1260 using a spiking solution from a source other than that 
used to calibr e th ytical instrument. Prepare for analysis by going through all extraction · 
steps in ~h r edur . 

· -point standard for all other Aroclors. 
. 1~.2. The C must include running a minimum 5-point curve for 1016/1260 and running a 

. hen, have the trainer prepare a single-blind random dilution of each of the nine other 
Aroclors throughout the calibration range. These nine unknowns are to be qualitatively 
evaluated by the trainee to report which Aroclor each is. The 1016/1260 blank spikes 
are to be quantitatively evaluated. 

19.2.3 All nine unknown Aroclors must be identified correctly and must recover within 80 -
120%. 

19.2.4 If any is misidentified, the IDC fails. Additional training and practice must be 
undertaken in Aroclor identification and nine fresh dilutions at random concentrations 
made and analyzed. 
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19.2.5 All nine Aroclors must be qualitatively identified and recovered correctly for training to 
be considered complete. · 

19.3 For the quantitative part of the IDC stud. y, after preparing, analyze the four 1016/12:,:~ts. 

19.4 Input results to the IDC spreadsheet located on the laboratory intranet library to cal percent 
recovery and relative standard deviation for each spiked analyte. Q 
19.4.1 For. each analyte, percent recovery must be within laborato~ ed limits and 

relative standard deviation must be less than or equal to 20° . I alytes meet 
acceptance, the demonstration of capability study is comp te an the analyst is 
authorized to prepare waste samples by this procedure. r ~ 

19.4.2 If any analyte fails any acceptance limit, locate and corre~oblem then repeat the 
study successfully for the failed analyte. Q . 

19.5 Repeated failure indicates a problem with the extra~r ce e and/or techniques used. If 
this occurs, locate the problem, correct the proc.edur n r . niques used and repeat the IDC 
study successfully. · 

19.6 Samples may not be prepared by the analyst unyssful IDC study has been completed. 

19.7 A successful continuing demonstratio&il' (CDC) study must be completed annually by 
all analysts by one of the following ap oacti : 

16.7.1 By repeating the IDC~ 

16.7.2 By extracting a~~~ebiind performance testing sample. 

16.7.3 By <JXclus~~ a method detection limit (MDL) study. The last four results of 
the study ed. 

19.8 A Method D ectio C it (MDL) study must be performed annually for both extraction 
procedu~ ~cord ce with TriMatrix SOP GR-10-125. 

20.0 P5~EVENTION 
20.~~ inventory of all chemicals used in the laboratory to monitor their use. 

20. Ne r dispose of laboratory chemicals without first referencing appropriate written instructions of 
posal for that particular material. 

20.3 Conserve the use of chemicals where applicable. 

20.4 Comply with all environmental laws associated with chemicals in the laboratory. 

21.0 WASTE MANAGEMENT 

21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 
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21.2 

21.3 

22.0 

22.1 

22.2 

23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

23.7 

To minimize the environmental impact and costs associated with the chemical disposal, order 
and use only the minimum amount of material required. 

Follow all instructions in TriMatrix SOP GR-15-102 for laboratory waste disposal req=~ts. 

REFERENCES ~ 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, S©B ~dition, Final 
Update IV, February, 2007, Method 8082A, "Polychlorinated Biph yls CBs) by Gas 
Chromatography", Revision 0, December, 1996 ~ 

Code of Federal Regulations, Title 40 Protection of Environme V me 19, July 1, 2001 
Edition, Chapter I Environmental Protection Agency, ~Gui elines Establishing Test 
~=~':" for the Analysis of Pollutants, Appendi/ ~ v 08, Organochlorine Pesticides 

ATTACHMENTS/APPENDICES vV 
Default Reporting Limits '-.. ~ 

Standards Log Example A, V 
Sample of Calibration Curves f~~60 
Preparation Batch Repo~m~ --
Analysis Sequence Rep ~E~le 

23.12 1016/1260 on DB-XLB Column (Instrument 144) 
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Compound 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

, PCB-1262 
PCB-1268 
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Attachment 23.1 
Default Reporting Limits 

Attachment 21.1 
Default Reporting Limits 

Water (ug/L) 
0.10 
0.10 
0.10 

0.5 
0.5 
0.5 
0.5 
0.5 
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0.33 
0.33 
0.33 
0.33 

Waste (mg/kg) 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
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Description: 

Standard TYPe: 
Solvent: 

Final Volume (mis): 
Vials: 

NSI part# I 2'1M 
LOT#l 25M-07 ·02 
Received 10/31/06 

Analyte 

PCB-1016 

PCB- JO 16 [2C] 
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(AMP) Aroclor 1016 
Other 

Attachment 23.2 
Standards Log Example 

Analytical Standanl Record 

TrtMatrix Laboratories, loc. 

A.604465 

E.'tpires: 

Prepared: 

Solvent Lot #W-125M-07-02 
I 

Prepared By. 

Department: 

2 La~ Edit: 

CAS Numbu 

Reviewed By 

Sep-30-08 
May-12--06 
••Vendor** 
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ppm 

ppm 

Date 
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Attachment 23.3 
Sample of a Calibration Curves for PCB 1016/1260 

Fit An.a1ys::L.s output For Method r:1.1e: ••c:,TC4,GC14.4'\AB183,PCBAA.MTH'" 
CCMDpOnant Name: -AROCLOR 1016-
Date: 11/2/07 T~me: 14:17 

Cur-ve Parani.atera: 

Curve Parameters: 

_,.,...,..,,..,.. -aco• 
ca1.Ll:n·ac.ion ~ -

AROCL<>R 10'18 

AROCLOR. 1280 

--

Date Revised: 
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TriA!alri:< biliorqioriti.$, b1i:.. 

. .. ~' :·~Alit!f:: 
... 01os2se.> ...• 8oa2~(iid1 aroc!OiS:· 

LcON..1>,, ~ ~,· /JJ ~ 
OID54JGm.K1 ; .~111-07 09,34.: ··ASC 

07ll5<1.»BSI.· ~1~09.34• fl!!I:.· 

ON!>20001 ..... : u.c· . Mlf>' 100T.09:JC: ·p:;,i;,.: 
07115322-0L' H: ~1111-1!.'-07 09.34 ,ASC 

070$312-02 •. ·~· ;• I .~IRl'-18-0709.34. .A.SC 

07=22-0J". ·E ~10y-111-07<J!!:34c I'S;; 

01=-0,i· .. '-.G. ~~!t>-0709;34; ~. 
071l53Z!-06: : ·. <E:.." Mirr lllc07 09 .. 34; .A.SC 
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Attachment 23.4 
Preparation Batch Report Example 

.rii~r,\RATl()N·:l)A"Tc'c~1· I 0105430 (rase1 ori. 
· setiliV01a1iies G('; · .\\;ater, · jrnit: Liqili~Liqiiid EXtfitc:tiOrl · · · · · · s~·· -.1 ': 7940~?3. (Pr.;_p;ep> ~ · · · · 

Initial 
;r..i;: 

~ .. nm_.-
-.1000· 

: ·10000· 

.. -.•Ofl(I· 
,1Clil0:" 

·1060· 

"lllel) 

; 1015(J.:' 

B.1ci,c.·o.wn~1s;.· (n..,;.c):• 
'\Vqt;Otili .·.~Mi!'.· . . .· .... 
:0705322• .... :-..•".8082 f'Clls (Sld reroc1on: .. : 

-~- : . __ Ill.. .~ :·. .. 
:1.tiu s.,,,..,m. '.·s,;,,~10· spa;1a.~ .. ,~ .. 
:.i2 HlOO" 

z .. , 1000 6120832._ •1000. 

···.2'. _1000 '< 
,2 1000 ; .;, 

" .r ;, >000 

2·• llUI 

·2·.·: ,. 1000 

:: 2. 
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· .s,·£jt/1;;1f.'ii.i.11lih;ivJi' . ' - · 
.. , s0a· P.C:es {sid.'i aroclors) .. 
· . : ~0~2-.i:J~tis @li.S!e!)!~t);, . 
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Attachment 23.5 
Analysis Sequence Report Example 

',\N .. \~~vsis· s'EQtiE~c:~':l ,,o~~!?~,2;l:r.a~e \ .~!3: 
'seliii~olatiJ;$ac, w~ici, ~~iii.01 

, 1n.~~1 =,I~; C?.l~~ti_o~ ;:1f,~~.Q.2 • 

Les. 
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Attachment 23.6 
Sample Page of Instrument Run Logbook 
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Attachment 23. 7 
Method Detection Limit Study Example 
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Sample. Name 
l"il.eN.ame 
Heehod 
Start Ti.ma 
Scale Factor 
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Attachment 23.8 
Key Peaks for Aroclor Identification 

Chromatogram 

L4 
C: \TC4\GC144\B90 229.RAW 
PC04194B.MTH -
O. 00 m1.n End Time lS. 55 min 

1.0 Plot or-rset: 28 mv 

Sampl.e i: 229 
Date : 4/29/04 14:56 
Time of Inject.ion: 4/19/04 
Low Point : 28.24 mv 
P1-ot Scale: 147.2 mv 

Response [mV] 
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Attachment 23.9 
1016/1260 on RTX CLP Column (Instrument 158) 
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1016/1260 on RTX CLP2 Column (Instrument 158) 
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Attachment 23.11 
. 1016/1260 on DB-35 Column (Instrument 144) 
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Attachment 23.12 
1016/1260 on DB-XLB Column (Instrument 144) 
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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

SCOPE AND APPLICATION 

This procedure is used to determine the concentration of semi-volatile organic compounds in 
extracts of various solid waste matrices, soils, groundwaters, and wastewaters. ~ 

This procedure is used to quantify most basic, neutral, and acid extractable~ics tare 
soluble in methylene chloride, and capable of elution without derivatization as rp eaks rom a 
gas chromatograph, fused-silica capillary column. Such compounds · polynuclear 
aromatic hydrocarbons, chlorinated hydrocarbons, pesticides, phthalate ers, ophosphate 
esters, nitrosamines, haloethers, aldehydes, ethers, ketones, aniline pyrid es, quinolines, 
aromatic nitro compounds, and phenols. Refer to Table 1 forGe unds, retention 
times, primary and secondary quantitation ions, internal standar , and . urrogates. Table 1A 
lists additional analytes that are amenable to this procedure. 

The following compounds may require special treatment~nz ·ne can be subject to oxidative 
loss during solvent concentration. The chromatograp m be onitored for peak broadening 
and tailing. Hexachlorocyclopentadiene is subject t er I mposition in the inlet of the gas 
chromatograph, chemical reaction with acetone, otochemical decomposition. N-
Nitrosodiphenylamine decomposes in the gas hroma phic inlet and cannot be separated 
from diphenylamine. 1,2-diphenylhydrazine o composes in the injection port into 
azobenzene. Pentachlorophenol, 2,4-dini&eno, nitrophenol, 4,6-dinitro-2-methylphenol, 4-
chloro-3-methylphenol, benzoic. acid~· ii" , 3-nitroaniline, 4-chloroaniline, and benzyl 
alcohol are subject to erratic chr ato p behavior, especially if the GC system is 
contaminated with high boiling ma i . 

Default reporting limits for cl samples using 1000 ml or 30 g concentrated to 10 ml 
and analyzed by this pr edu re listed in Tables 2 and 2A. Reporting limits will be 
proportionately higher g u on the sample matrix, the preparation technique and extract 
dilutions. If a client req s lo r reporting limits than those in Tables 2 and 2A, the final extract 
volume may be co to 1.0 ml 

This procedur~·s r ri d to use by or under the supervision of analysts experienced in gas 
chromat~~mas spectrometry, and skilled in mass spectra interpretation. E.ach analyst 
must de 0 ability to generate acceptable results. 

2.0 ~ METHOD REFERENCES 

2.1 ~~ds for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 
Up te Ill, Method 8270C, "Semivolatile Organic Compounds by Gas Chromatography/Mass 

ctrometry", Revision 3, December 1996 . 

2.2 40 Code of Federal Regulations, most current edition, Pt. 136, App. A, Method 625-
Base/Neutrals and Acids 

3.0 SUMMARY OF PROCEDURE 

3.1 Before analysis, samples must be extracted using appropriate sample preparation and cleanup 
techniques. Waters will be extracted using TriMati'ix SOP GR-09-101. Soils will be extracted 
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3.2 

using TriMatrix SOP GR-09-103. Extracts are analyzed by injection into a gas chromatograph,' 
with mass spectrometric identification and detection of compounds. Quantitation is made by 
comparison with standards. 

Wastewater sample analysis for NPDES permits under the Clean Water Act folln\A/1USEPA 
Method 625, requiring the following modifications to this procedure. ~~ 

instead of every 12. · 
3.2.1 DFTPP tunes and continuing calibration standards are analyzc:sen ery 24 hours 

3.2.2 A 3-point calibration may be used in place of a 6-point c§ andard practice, 
however will generally be to quantify using the point alibration. System 
Performance Check Compounds (SPCCs) and Calibratio h Compounds (CCCs) 
are not used. Instead the response factors (R~) very pound of interest must 

3.2.3 

3.2.4 

have <35% RSD to use the average RF for qu atio If these criteria are not met, a 
new calibration curve must be constructed~ . 

The continuing calibration standard does u SPCCs and CCCs. The RF for 
compounds of interest in the continui calib · standard that is on the 625 list must 
be ::;:20% difference when compared ins he calibration. If not, a new continuing 
calibration standard will be run ~cce~ le percent differences, or a new 3-point or 
6-point calibration will be ruQ' V 
There are no criteria f i rnal tandard areas or retention times in Method 625. 
Method 8270C criteri e ed. 

3.2.5 Every compoun st must be in matrix spikes and Laboratory Fortified Blanks, 
not just the Ii e t sp cified in Method 8270C. Laboratory generated windows for 
surrogate an ike r ovaries are calculated as specified in this procedure. 

4.0 PARAMETE . 

4.1 

comp ddition, QC criteria described for Table 1 and 1A compounds must be considered 
t · · m acceptable for additional analytes. 

Analytesr an by Method 8270C or Method 625 are listed in Table 1 and 1A. Other 
~~ay e determined providing a demonstration of capability study is successfully 

5.0 ~ERENCED SOPs 

5.1 Tri Matrix Laboratories SOP GR-09-101, The Extraction of BNAs in Water, latest revision 

5.2 TriMatrix Laboratories SOP GR-09-103, Extraction of Semi-Volatile BNAs in Soil, Sediment and 
Sludge, latest revision 

5.3 TriMatrix Laboratories SOP GR-04-101, Semivolatile Laboratory Mass Spectrometry Corrective 
Actions, latest revision 

5.4 Tri Matrix Laboratories SOP GR-09-104, Waste Dilution of BNAs, latest revision 
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5.5 

5.6 

5.7 

5.8 

6.0 

6.1 

6.2 

6.3 

7.0 

7.1 

TriMatrix Laboratories SOP GR-15-102, Waste Disposal, latest revision 

TriMatrix Laboratories SOP GR-10-115, Manual Integrations, latest revision . \ 

TriMatrix Laboratories SOP GR-10-123, ELEMENT Data Transfer and Review,71~n 

TriMatrix Laboratories SOP GR-10-125, Method Detection Limit (MDL), la~~ 

INTERFERENCES AND CORRECTIVE PROCEDURES Qv 
Interferences can be caused by contaminants in solvents, reagents, s are, and other sample 
processing . hardware, leading to discrete artifacts and/or ated salines in the total ion 
current profiles. Do not use plastic materials, including ypr ene squirt bottles. Phthalate 
esters leaching from plastics can result in false posit' s. II terials used in extraction and 
analysis must routinely be demonstrated to be inte f y running method performance 
blanks. Rinse all washed glassware with pest1 e or better methylene chloride 
immediately before use. Use only high purity eagen agent grate or better) and solvents 
(pesticide grade or better). Solvents used for ex tio nd analysis must be tested prior to use. 
Once they are proven to be contaminan1'l.e, la1 lots are sequestered from the vendor to . 

ensure purity. g' V 
Carry.over can occur whenever hi I once rated samples precede the analysis of low or non-
detect samples. To reduce r o utosampler syringes are rinsed between extract 
injections. Whenever possi st should analyze a reagent blank immediately after a 
high level sample. If cariy pected, all affected samples must be re-analyzed. 

Corrective actions ~e and contamination are outlined in TriMatrix SOP GR-04-101, 
Semivolatile Labor, Spectrometry Corrective Actions, latest revision. 

SAFETYSE~NS 
Wear a orat co. at and approved safety glasses while in the laboratory except when sitting at 
a~ inal entering data. 

7.2 a.. ~~nstructions outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 

7.3 ~aboratory waste disposal, refer to TriMatrix SOP GR-15-102. 

7.4 The total toxicity and/or carcinogenicity of reagents used in this procedure have not been 
precisely defined. 

7.4.1 Treat all chemicals as a potential health hazard. 

7.4.2 Reduce exposure to the lowest possible level by adherence to established safety 
policies. 
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7.5 

7.6 

8.0 

8.1 

8.2 

8.3 

8.4 

9.0 

9.1 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

Waste sa. mples can be highly toxic and varied. Treat any ex. posure as a po.tenli-~ and 
immediately decontaminate the exposure. Clean waste-contaminated perso otective 
equipment before using again. n 
Bring all safety issues to the attention of the Area Supervisor and/or Heal~~ty Officer. 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLIN ~ES 
To achieve the reporting limits in Tables 2 and 2A, a minimum 30 g oi r 1000 ml of aqueous 

are required. 

Samples should be collected in amber glass jars, f& ed screw-cap lids. These jars 
must meet or exceed current USEPA cleanliness s . rd Plastic containers and/or plastic-
lined lids must NOT be used due to potential p alate contamination. 

Gas chromatograph/m s tro eter system - this procedure is applicable to either of the 
systems described in se · n 9. 1 or 9.1.2. 

9.1.1 

9.1.1.2 

II ion trap mass spectrometer is set up to scan from 40-450 mass units 

Ion Trap operating conditions: 

• Electron energy: 
• Mass range: 
• Scan time: 
• Source temperature: 
• Transfer line temperature: 

70 volts (nominal) 
40-450 amu 
820 amu/second = 2 scan/second 
190° c 
250° c 

Varian 3400 GC operating conditions: 

• Column Temperature Program: 45° C for 1.5 minutes, then to 200° 
C at 10°C/minute, then to 31.5° C at 
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9.1.2 

25° C/minute, hold at 315° C until 
benzo[g,h,i)perylene has eluted. 

• SPI Injector Temperature Program: 45° C for 0.5 minute, t:n co· C 
at 100°C/minute. 

• Sample volume: 1.0 ul 

to 2 mUminute) 
• Carrier Gas: ultra high purity h~I" t 6 · (- 1 

The Agilent 5973 and 5975 Mass Selective Detector (MSD) ar et o an from 40-
550 mass units at least twice per second, using 70 volts (no al) e tron energy in 
the electron impact mode. The detector produces a maac at meets all the 
criteria in Table 3, when 50 ng of decafluorotriphenylp sphi (DFTPP) is injected 
onto the analytical column. 

9.1.2.1 MS operating conditions: A 

9.1.2.2 

• Electron energy: ~'Vrvo (nominal) 
• Mass range: 40 0 amu 
• Scan time: '-.. ] mpling rate of 3 = 2.89 scan/second 
• Source temperaturi.t

11

rP.V230° c 
• Transfer line~~ 280° C 

Agilent 6890/7~perating conditions: 

• Colu~e ature Program: 45° C for 1.5 minutes, then to 200° 
c at 10°C/minute, then to 315° c at 
25° C/minute, hold at 315° C for 4.0 
minutes 

le volume: 1 ul 

mUminute in constant flow mode 0 
r Gas: ultra high purity helium at 1 .0 

9~0 
~ 9.1.3.2 

A Septum Programmable Injector (SPI), temperature programmed. The 
injector is capable of sub-ambient initial injector temperatures, followed by 
rapid heating up to 315° C, and is used for Ion Trap applications. 

A Split/splitless injector in the splitless mode held at 250° C, is used for the 
Mass Selective Detector (MSD). 

9.1.4 Fused Silica Capillary Columns 

9.1.4.1 

9.1.4.2 
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9.1.5 

9.1.6 

9.1.4.3 A 20 m x 0.15 mm. i.d. 0.15 um film thickness silicon coated FactorFour 
VF-5MS is also used for the Mass Selective Detector (MSD). 

Data system: ~ 

and storage on magnetic tape or compact disk, of ss s ectra 
9.1.5.1 A multi-tasking personal computer, capable of the con~in s a isition 

9.1.5.2 

obtained throughout a chromatographic program. . 

NOTE: Refer to the Equipment List located oOoratory intranet 
library for a full description of miQ~. rrent instrument 
specifications. _ 

NOTE: Refer to the lnform~f Tech ogy (IT) department's 
Computer Inventory taba for minimum and current 
computer and sEr pe ications associated with the 
analytical instrum . 

The software can sear acqui C/MS data files, for specific mass 
ions, and can plot ion abu nc versus time or scan number. This type 
of plot is an Extract&on C nt Profile (EICP). The software integrates 
abundances in~ een specified time or scan number limits. 
The 1992 (Ion rap) · 98 (MSD) version of the NIST mass spectral 
library is ref e ed fo dentification of unknowns .. 

Autosampler: ~~ or equivalent, programmed for 1 .0 ul injections with 
multiple rinses t ' after injection. 

10.0 ROUTINE PREVE~·NTENANCE 
10.1 When chroma.r~ades or sensitivity decreases, routine maintenance consists of 

clea.ning~c n g t injection port liner, clipping capillary column, changing injection port 
septum, cle · the source. 

10.2 T~ oils must be replaced at least annually. 

10.: . ~SD diffusion pump oil every six months and refill, if necessary. 

10.~k the Ion Trap turbo pump wick annually and re-oil or replace, if necessary. 

10.5 If column performance deteriorates, performance may be brought back by repeated injections of 
Toluene overnight. If this is ineffective, the column will need replaced. 

11.0 CHEMICALS AND REAGENTS 

11.1 All chemicals and reagents used must be reagent grade or better, and must be determined free 
of interferences. 
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11.2 

12.0 

12.1 

Acetone, hexane, methylene chloride, and toluene must be pesticide grade or better, and must 
be determined free of interferences. 

STANDARDS PREPARATION -._ \ 

Stock calibration standard solutions: Stock solutions are prepared from pure A~erials 
or purchased as certified solutions. ~ 

12.1.1 Commercially purchased stock solutions are used to prepareO.~rity of working 
standards. The purchased concentration for stock m6~y 2000 mg/L. 
Solutions arrive at the laboratory sealed in various glass mpul , which are combined 
during preparation. . 

12.1.1.1 Stock standards are combined w·~he rrogate currently being used 
during sample .extraction, to~r t 10 mg/L calibration standard in 
methylene chloride. 

12.1.1.2 Diluting from the 100 mg stan · make up the 8-point initial calibration 
at concentrations of 25, 2 , 5, , 5.0, 2.0, 1.0, and 0.5 mg/L. Due to low 
response in the lo-calilj on point, prepare extra concentrations of 
2,4-dinitrophen~oi ol, benzoic acid and benzidine for a final 
concentration a .0 t.:: 50 mg/L. 

12.1.2 Stock standard solu · s o at compounds are prepared by weighing out each 
analyte to the ne a milligram. The material is dissolved in methylene 
chloride or oth suit solvent and diluted to volume in a volumetric flask. If 
compound p 6% r greater, the weighed mass is used without correction to 
calculate stoc concentration. 

12.1 .3 Tra~s standard solutions to screw-cap vials with PTFE-lined lids and store 
bel -5° , otected from light. Stock standard solutions must be monitored for 
d atio or evaporation. 

1~.1. ck standard mixes must be replaced annually or sooner if comparison with 
control checks indicates a problem. Working calibration standards must be 

eplaced every six months or sooner if comparison with quality control checks indicates 
problem. Continuing calibration standards must be prepared weekly. 

12. nal standard solutions: The six internal standards used are 1,4-dichlorobenzene-d4, 
naphthene-d10, phenanthrene-d10, chrysene-d 12, naphthalene-d8, and perylene-d12- The stock 

standard is prepared in a volumetric flask at 1000 ug/mL by dissolving 100 mg of each compound 
with a small volume of methylene chloride then diluting to 100 ml. Each 1.0 ml extract 
analyzed must be spiked with 5.0 uL ·of the internal standard solution. The resulting 
concentration of internal standards in extracts is 5.0 ug/mL. 

12.3 GC/MS tuning standard: The standard is used for tuning the mass spectrometers and contains 
50 ng/uL of decafluorotriphenylphosphine (DFTPP), 50 ng/uL of pentachlorophenol, 50 ng/uL of 
benzidine, and 50 ng/uL of 4,4'-DDT, in methylene chloride. Stock standards for the tuning 
mixture are purchased from a vendor at 1000 mg/L. Appropriate dilutions for the working 
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12.4 

concentrations are prepared from these standards. The tuning standard also verifies injection 
port inertness and monitors GC column performance. 

Surrogate standards: Surrogate solution contains o-terphenyl, 2-fluorophenol, phe~ol-t), 2,4,6-
tribromophenol, nitrobenzene-d5, and 2-fluorobiphenyl. These are made as follows~ 

12.4.1 Acid and base compound surrogate solutions are made separately fr~t materials: 

12.4.1.1 Add 0.5 g of each base-neutral surrogate to a 2~wn metric flask, 
half-filled with methanol. Swirl, shake, or sonicat to dis Ive, then dilute 
to volume with methanol. 

12.4.1.2 Add 1.0 g of each acid surrogate to another . 0 volumetric flask, half

volume with methanol. 

12.4.1.3 Add 100 ml of each solution~L metric. half-filled with methanol. 
Swirl to mix then dilute to vo w· methanol. The finished solution 
must be checked for curac · analyzing on the GC/MS. Once· 
approved, the prep lab an e ss spec lab must coordinate.to be sure 
the same surrogate ~ure ~ ed for calibration and spiking. 

12.4.1.4 Transfer the e@re ~ 'Vution to 40 ml amber vials with PTFE-lined 
screw-cap Ii s d sto in the organic prep laboratory refrigerator at 0 - 6° 
c. . 

Dilution Stock Dilution #2 
Final 

SUfrogate (in methanol) (mg/L) (ml: ml) Concentratio 
n 

250 ml 2000 100:2000 100 ug/ml 
250 ml 2000 100:2000 100 ug/ml 

0.5 250 ml 2000 100:2000 100 ug/ml 

0.5 250 ml 2000 100:2000 100 ug/ml 
1.0 250 ml 4000 100:2000 200 ug/ml 

1.0 250 ml 4000 100:2000 200 ug/ml 

1.0 250 ml 4000 100:2000 200 ug/ml 

olume spiked is 100 ul for each 1.0 ml of extract volume, resulting in a concentration 
of 10 ng/ul of base/neutral surrogates and 20 ng/ul acids. 

12.5 Spiking standards applicable to Laboratory Blank Spikes (BS) and Matrix Spikes (MS/MSD): The 
base/neutral spike solution contains acenaphthene, 1,4-dichlorobenzene, 2,4,-dinitrotoluene, 
naphthalene, N-nitrosodi-n-propylamine, pyrene, and 1,2,4-trichlorobenzene. The acid spike 
contains 4-chloro-3-methyl phenol, 2-chlorophenol, 4-nitrophenol, pentachlorophenol, and 
phenol. The spikes are made up in methanol at 100 ug/ml for the base/neutrals and 200 ug/ml 
for the acids, as detailed in the appropriate extraction procedure. The volume spiked is 100 ul 
per 1.0 ml of extract, resulting in a concentration of 10 ng/ul for base/neutrals, and 20 ng/ul for 
acids. 
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NOTE: For all State of Wisconsin samples and when other projects require it, every 
analyte of Interest must be spiked Into the BS and MS/MSDs or on:~s, as 
applicable. All analytes must be spiked at 10 ng/ul before extraction. 

13.0 SAMPLE PREPARATION n 
13.1 For sample extractions, refer to the appropriate procedures in section 5.0o~ 
13.2 All samples must be spiked with surrogates before extracting (refer rca: .~). · 

13.3 All extracts must be spiked with internal standards, immediately pri~ction (refer to section 
12.2). A 

13.4 Extracts that are dark in color or thick and viscous w~;ivleast 1 :10 prior to analysis. 

14.0 CALIBRATION PROCEDURES '" y . 
14.1 Set up instrumentation as specified in secti~.1. ¥.1.2. 

· 14.2 All samples and standards are intrA_Vthe GC/MS, by 1.0 ul direct injection. All 
injections are performed using~n t~. 

14.3 Each GC/MS system is hB;:r o meet Table 3 or Table 3A criteria for a 50 ng, 1.0 ul 
DFTPP injection. No anal ma egin until these criteria are met. 

14.3.1 The foll~al ion sequence must be used to determine DFTPP tune 
perform a 

14.01 FTPP tunes must be evaluated using the instrument software autofind 
FTPP tuning procedure, which takes the scan average at the peak apex 

CJ and two scans immediately before and after the apex, followed by a 
background subtraction. The ion trap DFTPP is also evaluated this way, 
but there is no autofind feature, it is done manually. 

4.3.1.2 If the above does not give an acceptable DFTPP tune, then corrective 
action is required. The first step is to reinject and reanalyze the same 
DFTPP standard. Next, prepare a new DFTPP working solution, then 
inject and analyze. The last step is to optimize the tuning acquisition 
parameters by tweaking manually or by performing a new autotune. Once 
acquisition parameters are optimized, restart the tuning sequence. 

14.3.2 The GC/MS tuning standard is also used to assess GC column performance and 
injection port inertness. Degradation of DDT to DOE and/or DOD must not exceed 
20%. Most of the instruments have software that calculates degradation (Attachment 
23.16). When available, include this form in all data packages. If the software does 
not perform this check, print off a chromatogram displaying the DOD, DOE, and DDT 
peaks, record the peak areas, and input them into the following equation: 
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o1 D d t· Areaooo + AreaooE x 100 10 egra a ion = ----~;;....._ __ ~..;;;;;..._ __ 
AreaooT + Area00e + Area000 . \ 

14.3.3 Transfer the calculated result (not simply <20) to the daily run logbook. ~ 

14.3.4 Pentachlorophenol and . benzidine must be present at their norm~onses, with 
minimal peak tailing. Calculate a tailing factor using the ophenol and 
benzidine total ion chromatogram. Include tailing factor r ults it the DFTPP 
instrument printout. To determine if corrective action ired allow Figure 1 
instructions. A tailing factor of 1 to 2 is considered ace 1 ing factor of 2 or 
higher is considered unacceptable, requiring corrective ction Corrective action for 
degradation and/or poor chromatography can include cle · the injection port and 
clipping the first 6 to 12 cm off the capillary colu~ 

14.4 All analytes must be quantified using the method~·n e tandards. Analytes and their 
corresponding internal standards are provided in T · 1A. For analytes not listed, the 
corresponding internal standard must be the o~elu arest. the unlisted analyte. Primary 
quantitation ions are also provided in Tables and . A secondary ion may be used for 
quantitation, only if interferences are note~f a ~. . tlary ion is used, the compound RF must 
be recalculated before quantitation. 'V 

14.5 Initial Calibration: 0 
14.5.1 Calibration standar · · ial calibration for all analytes of interest must contain a 

minimum of five oi (three for method 625). Table 1 standards calibration is 
typically run at . .0, , 5.0, 10, 15, 20, 25 ug/ml. The 25 ug/mL standard may be 
omitted. Ho er, "tting lowers the linear calibration range. Each 1.0 ml calibration 
standard uo ust e spiked with 5.0 uL of internal standard solution, immediately 
prior to . Table 1 A and other analytes, are run at the appropriate 
con~ ased on response. The lowest concentration of the initial calibration 
mu~e reporting limit. 

14.5.2 lnjec · ns of 1.0 uL for each calibration standard, including surrogates and internal 
tan rds are analyzed. Figures 2 and 2A show chromatograms of a continuing 

ration standard. A Response Factor (RF) is calculated for each compound using 
e Table 1 or 1A primary ions. Response factors are calculated as follows: 

RF= Ax xC1s 
A1s xCx 

where: 
Ax = Area of the primary ion for the compound being measured 
A;5 = Area of the primary ion for the specific internal standard 
Cx = Concentration of the compound being measured (ng/uL) 
C;s =Concentration of the specific internal standard (ng/uL) 

14.5.3 A system performance check must be performed to ensure that average RFs are 
acceptable for use in quantitation. System Performance Check Compounds (SPCCs) 
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14.5.4 

14.5.5 

14.5.6 
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are listed in Table 4. The minimum acceptable average RF for SPCC compounds is 
0.050. SPCCs typically have very low RFs (0.1 to 0.2) and tend to decrease in 
response as the chromatographic system ·or the standards deteriorate. SPCCs are 
usually the first to show poor performance, and must meet the minimu·re~ment 
when the system is calibrated. The minimum recommended RF for -SPCC 
analytes of interest is 0.01, however, spectra quality and backgrou~n· na oise) 
must also be considered. 

Percent relative standard deviation (RSD) must be calculated f~ pound using 
the following equation: V 
%RSD = SD x 100 r ~ 

RF v 
where: . ~ 
SD = The standard deviation of the ar&ge s se factor across the initial 

calibration curve. 
RF =Average response factor across the i . I c ration curve. 

Percent RSD for each compound mu~ 1-~ than 15% to use an RF for quantitation, 
which assumes linearity through~orig· . Percent RSD for each Table 5 calibration 
check compound (CCC) m han 30%. If percent RSD for any CCC is 
between 15% and 30%, a librat n Urve must be constructed as outlined in 14.5.8. 
If percent RSD is~ gr an 0% for any CCC, the system is too unstable to 
proceed. Correctiv cf 1 uding replacing the injection port liner, replacing or 
clipping the capill n, d recalibration of the GC/MS system, must be initiated. 

The relative ent1 time of each compound of interest in each calibration run must 
agree within 0. rela e retention time units. 

where: 
As = Area of the target analyte peak, in sample "s" 
Ais = Area of the "is" internal standard peak 
Cs = Concentration of the target analyte in calibration standard "s" 
Cis = Concentration of the internal standard "is" 
a = Slope of the curve (also called the coefficient of C) 
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14.5.9 

14.5.8.2 

14.5.8.3 

14.5.8.4 

b = The intercept 

A quadratic (second order) fit requires six calibration standards and a 
chromatographic curve fitting program, to solve the following: . \ 

[(As·C;s)/A;s] = a·C5
2
+ b·Cs + c . ·. ~~ 

where: 
c = the constant . a . 
A third order polynomial requires seven stanr : hromatographic 
curve fitting program, to solve the following: V 
[(As·C;s)/A;s] = a·Cs

3 
+ b·Cs

2 
+ C•Cs +~ 

~~e;~~ constant / ~ V 
Analysts may select e h a~egression curve giving the least 
calibration error, as ind1 ed y the correlation coefficient. To be 
acceptable, the corr~tion c 1cient "r" for a first order regression must 
be 0.99 or highf5 c d and third order regressions, the coefficient 
of determinatio CO " ust be 0.99 or higher. 

. sation for improper instrument maintenance. Non-
NOTE: ~- regression calibration must not be used as 

. ear regression for any analyte must not be employed on an 
i trument previously shown to routinely exhibit linearity. 

If initial c~riteria are not achieved using all calibration points run, the lowest or 
hig:ah1 on e curve may be dropped, provided enough points remain for the 
cali tion o I chosen. 

~5·!· A minimum of six calibration points are required to use second order V regression curves. Five data points are needed for first order. 

4.5.9.2 The lowest calibration point defines an analyte reporting limit. The low 
· point can only be dropped provided required reporting limits are not 

affected. 

. . 14.5.9.3 Dropping the highest point shortens the calibration range, which could lead 
to a greater number of sample dilutions. 

14.5.10 Run a second-source calibration standard containing all analytes at a mid-range 
concentration following the initial calibration. All analytes must have recoveries 
between 75 - 125% for the initial calibration to be considered valid. If these criteria are 
not met, analyze the second-source standard a second time. If the second analysis 
fails, take corrective action up to and including preparation and running of new initial 
calibration standard solutions. Repeat the second-source analysis for confirmation that 
corrective action was effective. 
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14.6 Continuing Calibration: 

14.6.1 

14.6.2 Immediately following every acceptable DFTPP analysis, a c n g calibration 
standard must be run at a mid-level concentration. For metho alytes listed 
in Table 1, the concentration is 10 ug/mL. A continuing calib tion s ndard contains 
all semi-volatile target analytes, including all surrogates e andards. Table 
1 A and other analytes, are run at the appropriate cone trati , based on response. 
Each analyte RF is compared with the initial calibration er e RF, from the same 

instrument. ~ · 

14.6.3 System Performance Check Compounds11· ystem performance check is 
made on every continuing calibration sta r CC criteria must be met for a 
continuing calibration standard to pass. 4 · ts SPCC compounds used for the 
continuing calibration. The minimum PCC · 0.050. The recommended minimum 
RF for all non-SPCC compounds of re is 0.01. However, spectra quality and 
background (signal to noise) m~lso onsidered. If minimum response factors 
are not met for SPCCs, tmh t be evaluated and corrective action taken, 
before analysis can contin . · s e problems are standard mixture degradation, 

and active sites in th romatographic system. 
injection port inlet c~nt i tion, ntamination at the front of the analytical column, 

14.6.4 Calibration Ch~~ unds (CCC): After the system performance check is met, 
Table 5. CC ~e~ t check the initial calibration validity. 

When a o. nse factor is used for calibration, calculate percent difference ;:p· :~~::lion average RF and the continuing calibration RF 

~ vrence= ~Fm m <100 

.... ,~~~re~ response factor from verification standard v RFm =average calibration factor from initial calibration 
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Use percent drift to determine acceptance when calibrating using a regression fit 
model: 

Cc-C1 % Drift= x 100 
C1 

where: 
C1 = theoretical CCC standard concentration 
Cc. = measured concentration using appropriate regression fit. 
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14.6.4 If percent difference or drift for every CCC is less than ±20%, the initial calibration 
remains valid. If any CCC compound differs from the initial calibration curve b greater 
than ±20%, corrective action must be taken. Problems similar to those lis d under 
section 14.6.3 can also affect CCC results. If the problem sour not be 
determined .after corr. ective action has taken place, the calibration i~"der ut of 
control. At a minimum, the continuing calibration standard m b re-run. If 
necessary, a new calibration will be run. All CCC criteria must efore sample 
analysis can continue. For non-CCC analytes, the percent di ren rift must be 
S25%, with the exception of poor performing analytes, whi can ave up to four 
outside of S25%, but must be S40%. Examples of po:e.oo · nalytes include: 
Chiaro- and Nitro-anilines, Benzoic acid, Benzidine, xachl ocyclopentadiene, 4-
Nitrophenol, and 2,4-Dinitrophenol. In addition, if o e for any non-CCC 
compound is outside this criteria, but is recoveri the fi1g side (response for the 
analyte is out of control high), then extra wit non-detect results for these 

s20%. · 

compounds may still be used since ther~i o es· n of an.alyte sensitivity for the 
day. For method 625, all compounds t ve percent difference of less than 

14.6.6 · Internal standard responses and ret~n •~es in continuing calibration verification 
standards and samples must be ~uc~i~~ch run. If retention time for any internal 
standard varies by more tha from the midpoint standard level of the most 
recent initial calibration seq ence, ystem must be inspected for malfunctions, and 
corrective action perfor ssary. If the EICP area for any internal standard 
varies by a factor of 100%) from the midpoint standard level of the most 
recent initial cali nee, the mass spectrometer must be inspected for 
malfunctions a corr ·ve action performed as necessary. All sample extracts 
analyzed:..._'" oft ese out of control conditions must be reanalyzed. 

15.0 ANALYTICAL~~ 

continui calib verification standard, then followed by an instrument blank. 
15.1 Every 1a-r ift st begin with the analysis of DFTPP, followed by a new calibration or a 

15.2 T~e e must pass the tuning criteria in section 14.3 before subsequent analysis can 
l:J 12-hour acquisition window must begin at the injection time of DFTPP. The entire 

- r shift must be run under the same mass spectrometer conditions used for DFTPP. All 
must be run under the same gas chromatographic conditions as the initial calibration. 

r to sections 9.1.1 and 9.1 .2 for recommended operating conditions. 

15.3 Any calibrated compound must have· an acceptable average Response Factor (RF) generated 
from the initial calibration curve, or be calibrated using a first or higher order regression curve. If 
Method 8270C is being utilized, the calibration must pass the SPCC and CCC criteria specified 
in section 14.5. · 

15.4 A continuing calibration standard is run on days an initial calibration is not. The continuing 
calibration standard must pass the criteria specified in section 14.6. 
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15.4.1 After the DFTPP and continuing calibration criteria are met, the analytical system must 
be demonstrated free from contamination by running an instrument blank before 
sample analysis during each 12-hour shift (Refer to section 18.3). 

15.5 Once the above criteria are met, sample analysis may proceed for the remainder n1 •hl 12-hour 

shift. Q~ 
15.6 If response for any analyte in the sample exceeds the initial calibration ra e, ilution of the · 

extract must be made. Attempt to dilute the sample only enough to m nalyte(s) in 
question into the upper half of the calibration range. Additional internal andar must be added 
to the diluted extract to maintain the required 5.0 ng/ul internal Q -centration. The 
diluted extract is then reanalyzed. 

15. 7 A matrix spike, matrix spike duplicate, method preparation k, an aboratory fortified blank 
must be run for each quality control batch to assess ext tion 1ciency. Up to a maximum of 
20 samples/batch is allowed. It is preferred but~r ire hat matrix quality control be 
analyzed with samples from the same extraction c u one 12-hour shift. Additional 
quality control requirements are specified in section . 

16.0 CALCULATIONS AND DATA HANDLIN' y 
16.1 Qualitative analysis: Q' V 

16.1.1 An analyte is identi~ s spectra comparison between the sample and a 
standard of the ompound (standard reference spectrum). Standard 
reference spect re ained through analysis of the calibration. Two criteria must 
be satisfi~et en 'den 1cation. First, a sample component must elute at the same 
GC relative r tio ime (RRT) as the standard compound. Secondly, the mass 
spectra o le component and standard compound must agree. . 

16.101 u sample component RRT must fall within ± 0.06 RRT units of the 
tandard compound, in the daily continuing calibration standard. If 

() 

interfering co-elution prohibits accurate sample component RRT 
measurement from the total ion chromatogram, the RRT must be assigned 
by using extracted ion current profiles unique to the compound of interest. 

. 6.1 .1.2 All ions in standard mass spectra at a relative intensity greater than 10% 
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are automatically checked by the software to be in a sample spectrum. 
The most abundant ion in standard mass spectra equals 100%. Relative 
ion intensities between standard and sample spectra, must agree within ± 
30%. For example, an ion with 50% abundance in standard spectra, 
means the corresponding sample abundance must be between 20% and 
80%. 

16.1.1.3 All spectra, with the following two exceptions, will be printed and stored 
with the raw data. Exception #1: Peer review will not be required, nor will 
a hard copy of the spectra be retained, if the false positive is based on a 
poor retention time match (making spectral match irrelevant). Exception 
#2: Peer review will not be required, nor will a hard copy of the spectra be 
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retained, for analytes detected below the reporting limit (when reporting of 
estimated results is not required). All remaining spectra must be initialized 
by the peer performing the review. 

16.1.2 . For samples containing components not associated with calibration stan~ibrary 
search can be made for a tentative identification. Only after vislmp · on of 
sample spectra with the nearest library searches must the analys si a te tative 
identification. When a tentatively identified compound (TIC) ca o identified by 
name, a generic description must be given to identify f 1 oups. TIC 
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nomenclature by functional group is as follows: 

Name 
Unknown Alcohol 
Unknown Freon 
Unknown Ketone 
Unknown Acid 

Unknown Substituted Benzenes 

16.1.2.1 

components. 

Ions in the reference spectrum but not in the sample spectrum should be 
reviewed for subtraction from the sample spectrum because of background 
contamination or co-eluting peaks. Data system library reduction 
programs can sometimes create such discrepancies. TIC peaks are 
determined by the following search criteria: 

16.1 .2.5.1 The peak in question must be >10% of the nearest internal 
standard. 
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16.2 

16.1.2.5.2 The top 20 potential TICs must be reviewed, unless otherwise 
required. The match quality must be 70% or higher to report a 
positive identification, in the absence of interfering peaks. 

NOTE: A 70% match corresponds to a fit :· 71 on the 
Ion Trap or a Q-value of 70 onf{h ~there 
are interfering peaks, analyst er n must be 
employed when reporting ~ 

Quantitative analysis: v 
16.2.1 When a compound has been identified, quantitation is~rfor ed using area of the 

appropriate quantitation ion(s}, listed in Tables 1 and . e internal standards 
technique is used. Internal standards are sp~ei ·n Ta s 1 and 1A. For target 
analytes in neither table, the .internal standard · res e analyte retention time of the 
analyte must be used. All qualitative re~sl m b eported without correction for 
recovery, and without blank subtraction. · 

16.2.2 Calculate analyte concentration as fo~s: · ~ 

Water: '-. y 
Concentration in ug IL = ( }(Is )t\ Vi . 

(Vo} 

where: ~ 
Ax = Charact . . -. , or the compound being quantitated 
15 = lnterna and concentration injected, in ug/mL 
V1 = Tot tr volume, in ml 
Ais = lnte ard characteristic ion area 
RF esponse factor, for compound being quantitated (section 14.5.2} 

volume extracted, in liters 
~liWl.~St extraction dilution factor 

where: 
W5 = Sample mass extracted, in grams 
D =Sample% solids, as a decimal fraction 

All other variables are the same .. 

NOTE: If any analyte initial calibration RF has not met the 15% RSD requirement, a 
regression curve must be used to determine extract concentration and the 
calculations modified accordingly. 
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16.2.3 When requested, the concentration of non-calibrated sample components must be 
estimated. The formulas above are used with the following modifications: 

16.2.3.1 Areas A,. and Ao are from total ion chromatograms, and the =~d RF 
is assumed to be 1 . 

16.2.3.2 . Use the nearest interference-free internal standard. n 
16.2.3.3 The concentration reported must be qualified as es~' 

16.3 Manual Integrations Q'-' 
16.3.1 The TriMatrix policy concerning manual integration must foll ed without exception. 

Every effort must be made to set up data proce~· softW integration parameters, 
to avoid manual integration. 

16.3.2 All manual integration must be docume~ g both the original integration 
performed by the data system, and th n y integrated ion chromatograms. 
Manual integrations must be initiale~d d and must have the rationale for the 
new integration clearly stated on the · t . These must be included in all client 
package deliverables. In additi~he a.! priate LIMS qualifier must be attached to 
all manual integrations. Q' V 

16.3.3 When required, manua in rati must be consistently applied to standards and 
samples. Examples al integration may be necessary include: closely 
eluting isomers~1, - . "chlorobezene), jagged analyte peak shapes split by the 
integrator, and yte · e benzidine that have significant peak-tailing. 

NOTE: ~n circumstances must manual integration be applied solely 
purpose of meeting quality control. Peak shaving and peak 

g hancing are strictly prohibited. 

16.3.4 ~~ details, · refer to Tri Matrix Laboratories SOP GR-10-115, Manual 0 , latest revision. 

17.0 ~ORTING AND DELIVERABLES 

17 . .1. ~~nning samples are also responsible for correctly filling in, turning in, and filing the 
~ciated paperwork. It is essential to perform these tasks, to provide defensible data to clients. 

17 .2 Element Reporting 

17.2.1 
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When an analysis sequence is completed, all data must be uploaded to the Element 
Data System. For details on how to upload data, refer to TriMatrix SOP GR-10-123. 
Carefully review the data entry table to insure that results are accurately reported and 
associated with the correct quality control batch. Manually enter a dilution factor for 
each corresponding sample. Dilution factors are used to calculate elevated reporting 
limits from diluting an extract. The dilution factor is a multiplier that may or may not 
reflect actual dilution volumes. 
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17.3 

17.2.2 The following analyte specific LIMS qualifiers must be attached as appropriate: 

SV001 ·~ 
3-Methylphenol cannot be resolved from 4-Methylphenol due to chr. graphic 
limitations. The reported result could be 3-Methylphenol, 4-M~t he or a 
combination of both isomers. 

SV002 a 
Benzo(b)fluoranthene could not be resolved from Benzo(k)flu nthe due to sample 
matrix interference. The reported result couldr ~. (b)fluoranthene, 
Benzo(k)fluoranthene, or a combination of both isomers. V 
SV003 ~ The result reported as · Diphenylamin co be Diphenylamine, N-
Nitrosodiphenylamine, or a combination~o. iso ers. N-Nitrosodiphenylamine 
decomposes during analysis and cannot b is · g d from Diphenylamine. 

svooa ~ 
Hexachlorophene is an unstable com n nd was not included in the calibration 
standards. Because hexachlo~ene S 70-30-4) is a required Appendix IX 
analyte, a mass search wasa d. he presence of this analyte was not detected 
in this sample. 

17.2.3 If internal chain-of-~ uired, it is important that a COC form be filled in 
correctly, and retur ~....,.._'""C file location. 

Laboratory Required P 

17.3.1 tenance logbooks must be filled in completely and correctly. 
ust e made with a lineout, not a write-over, and must be dated and 

initi zed. I k lines in run logbooks must be Z'd out. Refer to Figures 3 and 4 for 
rds f ms and run logbook examples. 

1~.3. e, calibration, and continuing calibration standard runs must be placed in the 
t file. 

II Element documentation and raw data must be placed in the correct client folder and 
· given to a data management technician. The technician must record the date and 

contents of the data then archive the folder. 

17.4 CLP-like Deliverables 

17.4.1 
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Include the following in data packages requiring CLP-like deliverables: 

17.4.1.1 Copies of tunes, including the EICP, These copies must contain ion peaks 
for DFTPP, Benzidine, and Pentachlorophenol with tailing factor 
calculations and results, ion abundance results and requirements including 
mass listings, and associated Form Vs. 
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18.0 

18.1 

17.4.1.2 Copies of calibrations, including raw data quantitation reports, 
chromatograms, and associated Form Vis. 

17.4.1.3 

17.4.1.4 

Copies of continuing calibration standa.rds, including raw. dai:. q;\tation 
reports, chromatograms, and associated Form Vlls. 

Copies of raw sample data, including applicabl~u ity c ntrol, 

reports when requested · 
quantitation reports, spectra for positive results, coro a ms, and TIC 

17.4.1.5 Completed MPB summary Form IVs. r ~ 

17.4.1.6 Completed Internal Standard recovery Form~ 

17.4.1.7 Copies of supporting information~lu g: internal chain of custody 
forms, r~n and standards logb~o. , . th. o etection limits, and extraction 
summaries. 

NOTE: Forms I, II, ~l!I.,,~~ nerated from Element and must be 
included with t. ~rabies package. 

QUALITY ASSURANCE "'v 
Quality control requirements ard_\..le procedure, as follows: 

18.1.1 DFTPP tune (s~n ~ ---
18.1.2 Initial Calibrat ;(~n 14.5) 

18.1.3 Con~ libra ion (section 14.6) · 

18.2 :~ v~ualil:'f control must include sections 18.3 through 18.7: 

1 fter the DFTPP tune and calibration or continuing calibration have been run, a blank is 
equired before sample analysis showing that the system is free from interferences and 

contamination at or below the reporting limit. The blank is a Method Preparation Blank 
(BLK) or a solvent instrument blank (IBL). An MPB is an extracted blank from a sample 
batch. An IBL is methylene chloride spiked only with internal standard. A BLK may be 
used for the blank if uncontaminated. Otherwise an IBL must be run. Run a BLK or 
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IBL at least once each 12-hour shift. Run blanks more frequently if carryover is 
suspected from a high-concentration sample, or if laboratory contamination is in 
question. Extract a BLK for each batch of up to 20 samples. BLKs must be spiked with 
surrogates and carried through the same preparation as samples. Acceptance criteria 
for both the IBL and BLK are that all target arialytes must have concentrations below 
the lowest reporting limit for samples analyzed that day. Common laboratory 
contaminants such as phthalates must have blank concentrations less than five times 
the reporting limit. 
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18.3 

18.4 

Internal Standards 

18.3.1 Internal standard responses and retention times in all runs following the 
calibration standard must be evaluated during or immediately after data a i 
internal standard retention times must be within ±30 seconds ofi te en -hour 
continuing calibration standard. All internal standard quantitation i ar s must stay 
within a factor of two (-50% to +100%) of the current 12-hoou g calibration 
standard. 

NOTE For DoD projects the internal standard r6 · and areas are 
compared to the midpoint standard of the most recent ca ratio 

18.3.2 If at any time an internal standard fails the -50°~+ 0% area window, the ability to 
accurately quantitate analytes is reduced~e ffo must be made to prevent an 
internal standard failure, including dilut" alysis of samples. Refer to 
TriMatrix GR-04-101 for the corrective act1 e nee, should internal standards fail. 
If many samples are out-of-control =o a ent reason, the mass spectrometer 
must be inspected for a malfunction a p priate repairs made. Once the problem 
is resolved, samples analyzed ~t~~ ~ spectrometer must be re-analyzed, with 
acceptable internal standar~~ 

Surrogates v . 
18.4.1 All samples must "th surrogates. Until twenty samples of a given matrix 

have been ana d, efault recovery window of 50 - 150% will be used. When 
twenty sampl ive matrix have been analyzed, in-house recovery limits will be 
generated (se · n 1 .2-18.5.4) and used. Table 6 provides examples of in-house 

.~l'lllililM. limits. These are examples only. At a minimum, surrogate 
must be updated annually, on a matrix-by-matrix basis. 

18.4.2 

Two standard deviations will be used when three give a negative lower control limit. 

18.4.4 If surrogate recovery is not within limits, take corrective action. Refer to TriMatrix GR-
04-101 for the corrective action sequence, including re-extraction when sample 
volumes and holding times permit, and data qualification. If many surrogates are out
of-control for no apparent reason, the instrument must be inspected for a malfunction, 
and appropriate repairs made. When the problem is resolved, samples analyzed with 
the faulty instrument must be reanalyzed with acceptable surrogate recovery. 
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18.5 

18.5.1 

Matrix Spikes and Laboratory Fortified Blanks 

Batches must be opened and closed every 24 hours. Each batch of up to 20 samP,les must 
include an extraction blank (BLK), blank spike (BS), matrix spike (MS) and matrix s:~~licate 
(MSD). 

Note: If insufficient sample is received to perform a matrix spike/matrix ~. plica e, the 

18.5.2 

following LIMS narrative must be attached to the batch: ~ 

GN006 - Due to insufficient sample volume received, no ma~ available with 
this sample batch. ~ 

and Blank Spike (BS) must be extracted. S mg st contain the compounds in 
Table 7. Batches are matrix specific,~ mu b pe d and closed daily, and can 
contain no more than 20 samples. 

NOTE: For State of Wisconsi~amp and where project specifications 
require, all target anal st be added for associated spikes, 
spike duplicates, a~Ss.; 

18.5.3 Until five matri.x spikes, m~ix ~Xplicates, and laboratory fortified blanks have 
· been analyzed, recover" s ust validated against default recovery limits of 50 -
150%. Matrix Spik a Duplicate relative percent difference (RPD) limits 
must use a default · it of 20%. 

18.5.4 e fa ven matrix (water, soil, other) have been analyzed, calculate 
reco ry (R) and standard deviation of the average (SD). Express the 

lW•llllil~cent recovery interval from R ± 3SD. For example, if R = 90% and 
"ke recovery limits are 60 - 120%. Separate limits must be calculated for 

tory ed blanks. The relative percent difference limit must be calculated by 
ing e MS/MSD percent differences± 3 standard deviations. Acceptance limits 

ated at least annually. 

1~ ate percent recovery as follows: 

...._ ~ore cov ery = (Aspk - Asmp) x 100 

"-' SPK 

where: · 
Aspk = The spiked sample concentration, in ug/L or mg/kg 
Asmp = The non-spiked sample concentration, in ug/L or mg/kg 

SPK = (concentration of spiked standard in ug/L x ml spiked) 
initial sample volume in L 

18.5.6 Calculate relative percent difference (RPD) as follows: 
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18.6 

i(MS-MSD) 

%RPD ~ [(MS+MSD)l x100 ~ 

where: 

2 

~ 
MS = The matrix spike concentration, in ug/L or mg/kg 
MSD = The matrix spike duplicate concentration, in ug/l or mga 

18.5.7 If recovery or duplication are not within limits, refer tf'Jo· -04-101 for the 
corrective action sequence, to determine if or how data i ualifi . 

18.5.8 If a BS analyte is out-of-control, the proble~be ediately identified and 
corrected. Samples for.the analyte must not b nu the problem is corrected. The 
purpose of a BS is to verify that out-of-con I p nds in a MS or MSD are the 
result of matrix interference, rather than tr tio system error. Failure of any 
analyte in a BS, requires corrective action 1fic the failed parameter. Every effort 
must be made to determine the ca=for e (mis-spiked, mis-extracted, or any 
other reason). When the problem is I ted orrective ac.tion must be taken following 
TriMatrix SOP GR-04-101. If it i~:rm! that re-extraction is necessary, the entire 
batch of samples must be~e-'V' . 
NOTE: If a BS recov · bia d high and there are no positive results for the 

analyte in a o samples, results can be reported without the need 
for corre r qualification. 

for each sample matrix/ acti technique. 

19.0 DEMONST~ APABILITY/METHOD VALIDATION 

19.1 Before Si! ~nalysis, each analyst must demonstrate the ability to generate acceptable · 
accur c and cision by running a one time initial demonstration of capability study. While the 
demo · f capability is not instrument dependent, a study is required on every instrument 
r : ion. pies, to demonstrate each instrument's ability to generate acceptable accuracy and 

19. are a 100 ug/l concentration of all compounds of interest in four 1000 ml aliquots of reagent 
r, by spiking with 0.100 ml of a 100 ng/ul standard. Extract to a 10 ml final volume. The 

spiking solution must be prepared independently from stock standards used for quantitation. 

19.3 Analyze the four extracts using Method 8270C quality control, and following every step of the 
procedure. For each target compound, calculate average percent recovery "x" and standard 
deviation "s" in ug/L. Use all four results. Calculate by inputting into the IDC spreadsheet located 
on the laboratory intranet subdirectory "\\library\spreadsheets\training documents\qc_idc
demonstration of capability(doc).xls". 
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19.3.1 For each target compound, "x" must pass the current ELEMENT BS acceptance limits. 
Also, relative standard deviation must be less than or equal to 20%. Calculate %RSD 
as [("s"/"x")*100]. If "s" and %RSD for all analytes pass both acceptance criteria, the 
demonstration of capability study is complete. The analyst and associated i trument 
may run samples. · If %RSD exceeds 20% or "x" falls outside the current NT BS 
acceptance limits, analyst or instrument performance is unacceptabl~e a e. 

19.3.2 When one or more analytes fail for "x" or %RSD, proceed accor~in ~ion 19.4. 

19.4 Locate and correct the source of any problem and repeat the study for fa d. an es. Repeated 
failure however, will confirm a general problem with the procedur. t · e used. If this 
occurs, locate and correct the problem, then repeat the study fo II un eptable compounds 
beginning with section 19.1 . Samples may not be analyzed by any al or on any instrument, 
until a demonstration of capability study has been succe~sf amp Cl. Copies of successful 
demonstration of capability studies, IDC spreadsheets ra ata must be given to Quality 

Assurance. · /,;"" 

20.0 POLLUTION PREVENTION v 
20.1 Maintain an inventory of all chemicals used inth~ry and monitor their use. 

20.2 Never dispose of laboratory chemicalsc~&:r-•~ferencing appropriate written instructions on 
disposal for that particular material. 'UV't:: 

20.3 Conserve use of chemicals wh~ . 

20.4 Comply with all environm~~,;;;,iated with chemicals in the laboratory. 

21.0 WASTE MANAGE~· 
21.1 Consult the a~--::ial Safety Data Sheet (MSDS) when disposing of chemicals. 

21.2 To mini~~nmental impact and costs associated with the disposal of chemicals, order 
:~~minimum amount of material required. 

21.3 procedures in TriMatrix Laboratory SOP number GR-15-102, Laboratory Waste 
... ~ sa , ost recent revision, for laboratory waste disposal requirements. 

22.~ERENCES 
22.1 40 Code of Federal Regulations, most current edition, Pt. 136, App. B, Definition and Procedure 

for the Determination of the Method Detection Limit 

23.0 ATTACHMENTS 

23.1 Table 1 

gr04103 5.8.doc 
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23.2 Table 1A Additional Target Compounds, Internal Standards, Surrogates, Retention Times, 
Quantitation and Secondary Ions 

23.3 Table 2 Default Reporting Limits ~ 
23.4 Table 2A Additional Default Reporting Limits n 
23.5 Table 3 DFTPP Key Ions and Ion Abundance Criteria (EPA CLP) .C.' 

Table 3A DFTPP Key Ions and Ion Abundance Criteria (Method 8270'0 Criteria) 

23.6 Table 4 System Performance Check Compounds (SPCC) G 
23.7 Table 5 Continuing Check Compounds (CCC) A 
23.8 Table 6 Method Detection Limit Study Example/-' v 
23.9 Table 7 Demonstration of Capability Study Exav 

23.10 Figure 1 Pentachlorophenol Tailing Factor V 
23.11 Figure 2 Continuing Calibration 0'1" .:g/ml) Total Ion Chromatogram, Varian Ion 

Trap '~ . · 

23.12 Figure 2A Continuing Calibr~t (10 ug/mL) Total Ion Chromatogram, Agilent 5973 
MSD 

23.13 Figure 3 Standards xam e 

23.14 Figure 4 

23.15 Method 8270 

23.16 
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Routine Target Compounds, Internal Standards, Surrogates, Retention Times, 
Quantitation and Secondary Ions 

Retention Quantitation 
Com ound Time min. Ion 
Acenaphthene-d10 (1.S.) 17.76 162 
Chrysene-d12 (1.S.) 25.04 240 
Dichlorobenzene-1,4-d4 (l.S.) 10.06 152 
Naphthalene-da (l.S.) 13.21 136 
Perylene-d12 (1.S.) 29.83 264+265 (264)** 
Phenanthrene-d10 (1.S.) 20.50 

2-Fluorobiphenyl (surr.) 16.00 171 3 
2-Fluorophenol (surr.) 7.18 64 1 
Nitrobenzene-d5 (surr.) 11.38 82,54 2 
Phenol-d6 (surr.) 9.13 1 
2,4,6-Tribromophenol (surr.) 19.33 332, 141 3 
Terphenyl-o (surr.) 21.03 215,229 5 

Acenaphthene 153, 152 3 
Acenaphthylene 151, 153 3 
Anthracene 176, 179 4 
Benzoic acid 77,122 2 
Benzo( a )anthracene 229, 226 5 

252 253, 125 6 
276+277 (276)** 138, 277. 6 

252 253, 125 6 
108 79, 77 1 

92+93 (93)** 95, 123 2 

92+93 (93)** 63,95 1 
45 77, 121 1 
149 167, 279 5 
248 250, 141 4 
149 91,206 5 

4-Cli 13.40 127 129 2 
2-Chlor phthalene 16.34 162 127, 164 3 
4-Chloro~3-methylphenol 14.60 107 144, 142 2 
2-Chlorophenol 9.57 128 64, 130 1 
4-Chlorophenyl phenyl ether 18.87 204 206, 141 3 

gr04103 5~8.doc 



SOP Name: Base/Neutral/Acid Compounds by 
Gas Chromatography/Mass Spectrometry 
EPA Method 625, SW-846 Method 8270C 

SOP Number: GR-04-103 page 28 of 49 

Attachment 23.1 
Table 1 (continued) 

Revision Number: 5.8 

Date Revised: 6/22/12 
Date Initiated: 12/9/98 

Routine Target Compounds, Internal Standards, Surrogates, Retention Times, 
Quantitation and Secondary Ions 

Com ound 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Di-n-butylphthalate 
1,3-Dichlorobenzene 

1,4-Dichlorobenzene 
1,2-Dichlorobenzene 

. 3,3'-Dichlorobenzidine 
2,4-Dichlorophenol 
Diethylphthalate 

2,4-Dimethylphenol 
Dimethylphthalate 

. 4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 

2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 

. m-n-octylphthalate 
Fluoranthene 
Fluorene 

gr04103 5.8.doc 

Retention 
Time min. 

25.10 
35.57 
18.20 
21.23 

9.93 

10.10 
10.45 . 

. 24.80 
12.84 
18.59 

12.26 
17.03 
18.94 

12.00 
15.06 

Quantitation 
Ion 
228 
278 
168 

165 
77 

149 
202 
166 

284 
225 
237 
119 

276+277 (276)** 

82 
142 
108 
108 
128 

. 1 
1 
5 
2 
3 

121, 122 2 
194, 164 3 
51, 105 4 
63, 154 3 
63,89 3 

63,89 3 
105,182 4 
167,43 5 

101,203 4 
165, 167 3 

142,249 4 
223,227 2 
235,272 3 
201, 199 1 
138,227 5 

95, 138 2 
141 2 

79,107 1 
79,107 1 

129, 127 2 
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Attachment 23.1 
Table 1 (continued) 

Routine Target Compounds, Internal Standards, Surrogates, Retention Times, 
Quantitation and Secondary Ions 

Retention Quantitation Secondary 
Com ound Time min. Ion Ions 
2-Nitroaniline 16.59 138 92,~ 3-Nitroaniline 17.62 138 108 2 
4-Nitroaniline 18.90 108+138 (138)** 108 2 
Nitro benzene 11.43 11+123<nr ~ 
2-Nitrophenol 12.21 109+139(139)** 109, 5 

4-Nitrophenol 18.02 65 ~ 1 ,65 
N-Nitrosodimethylamine 4.58 73+74 (7 * 42 
N-Nitrosodiphenylamine 19.08 I() 168, 167 
N-Nitrosodipropylamine 10.95 42, 101, 1 
Pentachlorophenol 20.18 264,268 

Phenanthrene 20.54 'i 179, 176 
Phenol 9.17 

0V20~ 
65,66 

Pyrene 22.74 200,203 
1,2,4-Trichlorobenzene 13.05 180 182, 145 
2,4,5-Trichlorophenol 15. 196 198, 200 

2,4,6-Trichlorophenol 196 198,200 
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Additional Target Compounds, Internal Standards, Surrogates, Retention Times, Quantita ion and 
Secondary Ions 1 

-- l 'ti . ~Internal Compound 
Retention Time 

Quantitation Ion ~ ry (min)* Std 

Acenaphtherie-d10 (1.S.) 14.801 164 ( 16\ 11'2 3 

Chrysene-d12 (l.S.) 21.72 240 ~ ""- ?~ 241 -· 5 

Dichlorobenzene-1,4-d4 (l.S.) 7.935 152 l J 150,75 1 

Naphthalene-d8 (1.S.) 10.674 ~ ~ Ill"" 108 2 

Perylene-d12 (l.S.) 23.503 <264, 263,132 6 

Phenanthrene-d10 (l.S.) 18.176 , ... ~ 184,160 4 

"i 1, 1 '-Biphenyl 13.478 .... V154 153,152 3 
1,2,4,5-Tetrachlorobenzene 12.738 ' ~ 216 214,181 3 

1,3-Dinitrobenzene 14.3, .. 168 - 2 .. 
1,4-Naphthoquinone 1~" 158 102,76 2 
1-Methylnaphthalene i 1.569 J 142 141,115 3 

1-Naphthylamine "'~ 143 115 . 3 
2, 3,4,6-Tetrachlorophenol .~~--11 .. - 232 230,131 3 
2,3,5,6-Tetrachlorophenal "15.506 232 230,131 3 

2, 6-Dichlorophpl I"-. y 10.884 162 164,63 2 
2-Acetylaminoflu_ore7".. ~ 21.326 181 223,152 4 

2-Chlo~~mTC"' r 9.759 127 92,65 2 

2-~ ""ox,..,.;=...,1 3.132 59 - 1 

2-N· ~hthylJnine 15.608 143 115 3 
~~ ~coline 4.551 93 66 1 

2-sec-(iut' 4,6-<fiitrophenol 18.172 211 163,147 4 

3~ ~ ylbenzidine 21.046 212 213,96 4 
..... , ..,,... -hylcholanthrene 23.844 268 252 6 

' ' 4-Aminobiphenyl 17.805 169 168 3 

' J-Nitroquinoline-1-oxide 19.426 190 160 4 
5-Nitro-o-toluidine 16.109 152 77 3 

7, 12-Dimethylbenz(a)anthracene 22.888 256 239,241 5 
a,a-Dimethylphenethylamine 10.234 58 91 2 

Acetophenone 8.792 105 77, 120 1 
Aniline 7.299 93 66 1 

Ara mite 20.574 185 135, 175 4 

Atrazine 17.762 200 215 4 
Benzaldehyde 7.095 105 106,77 1 
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Revision Number: 5.8 

Date Revised: 6/22/12 
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Additional Target Compounds, Internal Standards, Surrogates, Retention Times, Quantita ion and 
· Secondary Ions . 1 -- l 

..-... '111111 .. 

Benzidine 20.239 184 ~ 92,.I 5 
Bis(2-chloroethoxy)ethane 11.91 63 n 

~7 2 -Caprolactam 11.671 55 I 1 11.E~ 2 
Carbazole 18.619 167 ~ '" 16 1,139 4 

Chlorobenzilate 20.714 251 I • 139,111 4 
Diallate 17.117 86 "-. I~ 234 3 

Dicyclohexylphthalate 21.766 ~ - 167,55 5 
Dimethoate 17.491 <87' 125,93 3 

Disulfoton 18.207 '~~" 89,93 4 
Ethyl methacrylate 4.085 ~ .... , ~~ 100 1 

Ethyl methanesulfonate 6.422 .... "'79 109 1 
Famphur 20.999 ' 

~~ 218 125,93 4 
Hexachlorophene 27.4, ~~ 196 198,209 6 

Hexachloropropene il9lllii... "'-., 213 215,211 2 
lsodrin 1 ~.769, T 193 66,263 4 

lsosafrole ~1 .. ~- 162 104 2 
Kepone < ,bj_ n75 272 274,237 4 

Methapyrilene.1 ,. ' 19.571 58 97 4 
Methyl methacrylcfe " ~ 3.047 69 41,100 1 

Methyl methanesulfon._ ~ 5.233 80 65 1 
N-Nitrosodieth,.,.i:: 

~-
5.88 102 42,44 1 

N-Nitrosodi- ---.... •e 11.638 84 57,41 2 
N-Nitrosomet~ I ethyl tyiine 4.737 88 42,43 1 

N-llfftlt>s .. - oline 8.771 56 - 1 
I -NitrotJpiperidine 9.394 114 55 1 -· - pyrrolidine 8.677 100 41 1 -

o,o,o-. .. .osphorothioate 10.071 121 198,97 1 

' ' o-Toluidine 8.777 106 79 1 
'-(Di~th~lamino )azobenzene 20.655 120 225,77 4 

""' Parathion, Ethyl 19.478 109 97, 291 4 
Parathion, Methyl 18.831 109 125,263 4 

Pentachlorobenzene 15.101 250 252,108 3 
Pentachloroethane 7.29 167 119 2 

Pentachloronitrobenzene 17.77 237 214,142 3 
Phenacetin 17.211 108 137,179 3 

Phorate 17.141 75 121,97 2 
p-Phenylenediamine 11.621 108 80 2 

Pronamide 17.98 173 175,145 3 
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Table 1A (continued) 

Revision Number: 5.8 

Date Revised: 6/22/12 
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Additional Target Compounds, Internal Standards, Surrogates, Retention Times, Quantita ion and 
Secondary Ions 

Pyridine 
Safrole 

Sulfotepp 
sym-Trinitrobenzene 

Thionazin 

l.S. = Internal Standard 
*retention time provided for example only 
**Aramite chromatographs into three peaks 
***For MSD 
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16.884 322 3 
17.077 75 3 
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Semivolatiles 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzoic acid 
Benzo( a )anthracene 

Benzo(b and k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo( a )pyrene 
Benzyl alcohol 
Bis(2-chloroethoxy)methane 

Bis(2-chloroethyl)ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethylhexyl)phthalate 
4-Bromophenyl phenyl ether 
Butyl benzyl phthalate 

Carbazole 
4-Chloroaniline 
2-Chloronaphthalene 
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Attachment 23.3 
Table2 

Default Reporting Limits 

CAS Number 
83-32-9 
208-96-8 
120-12-7 
65-85-0 
56-55-3 

218-01-9 
53-70-3 
132-64-9 
84-74-2 

541-73-1 

106-46-7 
95-50-1 
91-94-1 
120-83-2 
84-66-2 

5 
5 
5 
5 
5 

5 
20 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 

20 
5 
5 

Revision Number: 5.8 

Date Revised: 6/22/12 
Date Initiated: 12/9/98 

iment 
mg/kg 
0.33 
0.33 
0.33 
3.3 

0.33 

0.33 
0.33 
0.33 
1.3 

0.33 

0.33 
0.33 
0.33 
0.33 
0.33 

0.33 
1.3 

0.33 
0.33 
0.33 
0.33 

0.33 
0.33 
0.33 
0.33 
0.33 

0.33 
0.33 
2.0 

0.33 
0.33 
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Attachment 23.3 
Table 2 (continued) 

Default Reporting Limits 

Default Reportin __ 

Semivolatiles 
2 ,4-Dimethyl phenol 
Dimethylphthalate 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 

CAS Number 
105.:.57_9 
131-11-3 
534-52-1 
51-28-5 
121-14-2 

Surface/Ground/ 
Wastewater 

ug/L 
5 

(; 
2,6-Dinitrotoluene 606-20-2 ~ 5 

Di-n-octyl phthalate 117 -84-0 5 
Diphenylamine 122-39-4 ~ 5 

Fluoranthene 206-44-0 5 
Fluorene 86-73-7 v 5 

Hexachlorobenzene 1
8
18-7 4" ~ 5 

Hexachlorobutadiene ~' V 5 
Hexachlorocyclopentadiene 5 
Hexachloroethane ~ 5 
lndeno(1,2,3-cd)pyrene 5 

lsophorone ~" 8-59-1 5 
2-Methylnaphthalene ~" 91-57-6 5 
2-Methylphenol (o-cresol) 95-48-7 5 
3- and/or 4-Methylphenal m, 106-44-5 5 
Naphthalene 91-20-3 5 

2-Nitroaniline CJ 88-74-4 20 
3-Nitroaniline 99-09-2 20 
4-Nitroan~"lin . 100-01-6 20 
Nitrobenz ne 98-95-3 5 
2-Nitro 88-75-5 5 

4- ophe I 100-02.:.7 20 
N-Nit ethylamine 62-75-9 5 
N-NitrosoCliphenylamine 86-30-6 5 
N-Nitrosodipropylamine 621-64-7 5 
Pentachlorophenol 87-86-5 20 
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0.33 
0.33 
1.7 
1.7 

0.33 

0.33 
0.33 
0.33 
0.33 
0.33 

0.33 
0.33 
0.33 
0.33 
0.33 

0.33 
0.33 
0.33 
0.33 
0.33 

1.7 
1.7 
1.7 

0.-33 
0.33 

1.7 
0.33 
0.33 
0.33 
1.7 
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Semivolatiles 
Phenanthrene 
Phenol 
Pyrene 
1,2,4-Trichlorobenzene 
2,4, 5~ Trichlorophenol 

2,4,6-Trichlorophenol 

Attachment 23.3 
Table 2 (continued) 

Default Reporting Limits 

CAS Number 
85-01-8 
108-95-2 
129-00-0 
120-82-1 
95-95-4 

88-06-2 

Revision Number: 5.8 

Date Revised: 6/22/12 
Date Initiated: 12/9/98 

Default Reportin __ _ 
Surface/Ground/ 

5 

0.33 
0.33 
0.33 
0.33 
0.33 

0.33 

Sample reporting limits are highly matrix-dependent. T r ort· limits listed are provided for 
guidance and may not always be achievable. 
Water reporting limits are based on an extraction o~OO rr]. o 10 ml, in the MDL study. Reporting 
limits listed for soil/sediment are based 00 vyio g to 10 ml. 

~«? 
o~ 

~CJ 
~ 
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Semivolatiles 
Acetophenone 
2-Acetylaminofluorene 
4-Aminobiphenyl 
Aniline 
Ara mite 

Attachment 23.4 
Table2A 

Additional Default Reporting Limits 

CAS Number 
98-86-2 
53-96-3 
92-67-1 
62-53-3 
140-57-8 

Ground Water 
ug/L 
10 

tJ 
2-sec-Butyl-4,6-dinitrophenol 88-85-7 ~ 5 

p-(Dimethylamino )azobenzene 60-11-7 10 
2,6-Dichlorophenol 87-65-0 ~ 5 

7,12-Dimethylbenz(a)anthracene 57-97-6 10 
3,3'-Dimethylbenzidine 119-93-7 v 50 

2,2-Dimethylphenethylamine 122-09~ ~ 20 
1,3-Dinitrobenzene ~~ V 5 
Ethyl methacrylate ~-63-_2 5

10
0 

Ethyl methanesulfonate 
Hexachlorophene *** 

Hexachloropropene 50 
lsosafrole 20 
Methapyrilene · 91-80-5 10 
3-Methylcholanthrene 56-49-5 50 
Methyl methacrylate 0 80-62-6 50 

Methyl methane~ 66-27-3 50 
1,4-Naphthoqui ne · 130-15-4 . 1000 
1-Naphth~la · 134-32-7 50 
2-Naphth lami 91-59-8 50 
4-Nitro xide 56-57-5 500 

N~ oso - utylamine 924-16-3 20 
N-Nit · thylamine 55-18-5 5 
N-Nitrosomethylethylamine 62-75-9 5 
N-Nitrosomorpholine 59-89-2 20 
N-Nitrosopiperidine 100-75-4 20 
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0.33 
2.0 

0.33 
1.7 
2.0 

2.0 
0.33 
0.33 
0.33 
2.0 

0.70 
0.33 
2.0 
1.0 
*** 

2.0 
0.70 
1.0 
2.0 
2.0 

2.0 
30 
2.0 
2.0 
20 

0.90 
2.0 
2.0 
0.70 
0.70 
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Semivolatiles 
N-Nitrosopyrrolidine 
5-Nitro-o-toluidine 
Pentachlorobenzene 
Pentachloroethane 
Pentachloronitrobenzene 

Phenacetin 
p-Phenylenediamine 
2-Picoline 
Pronamide 
Pyridine 

Safrole 
1,2,4,5-Tetrachlorobenzene 
2,3,4,6-Tetrachlorophenol 
o-Toluidine 
sym-Trinitrobenzene 

Attachment 23.4 
Table 2A (continued) 

Additional Default Reporting Limits 

CAS Number 
930-55-2 
99-55-8 

608-93-5 
76-01-7 
82-68-8 

10 
10 
50 
10 
20 

Revision Number: 5.8 

Date Revised: 6/22/12 
Date Initiated: 12/9/98 

iment 
mg/kg 
0.70 
0.33 
0.33 
2.0 

0.50 

0.33 
*** 

0.70 
0.33 
0.33 

0.33 
0.50 
2.0 
0.33 
0.70 

* Sample reporting limit~h. ly matrix-dependent. The listed values are provided for guidance 
and may not always be e. .. e Water reporting Ii s ed on extracting 1000 ml to 1.0 ml, in the MDL study. Reporting 
limits listed for so sedi nt are based on extracting 30 g to 1 .0 ml. 

*** These comr.: monstrated to be difficult to extract from water, or difficult to 
chromatog ~ thod detection limits are not available. 

'J~ 

gr04103 5.8.doc 
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Mass· 
51 
68 
69 
70 

127 
197 
198 
199 
275 
365 
441 
442 
443 

443 

Attachment 23.5 
Table 3 . 

DFTPP Key Ions and Ion Abundance Criteria (EPA CLP) 

Ion Abundance Crite · 

8 wh is the nominal base peak, even 
at of m/z 198. 

Ion Abundance Criteria 
30-60% of mass 198 

<2% of mass 69 
<2% of mass 69 

40-60% of mass 198 
<1% of mass 198 

Base peak, 100% relative abundance 
5-9% of mass 198 

10-30% of mass 198 
. >1 % of mass 198 

Present but less than mass 443 
>40% of mass 198 

17-23% of mass 442 
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Table4 
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System Performance Check Compounds (SPCC) 

gr04103 5.6.doc 

Base/Neutral Fraction 
N-Nitrosodi-n-propylam ine 
Hexachlorocyclopentadiene 

Base/Neutral Fraction Acid Fraction 
4-Chloro-3-methylphenol 

2,4-Dichlorophenol 
2-Nitrophenol 

Phenol 
Pentachlorophenol 

2,4,6-Trichlorophenol 
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Parameter I Compound 

N-Ni1rosuJinu:tJ1yla.111inc 

Phenol 

Aniline 

Bis (2-ch.loroclh)'l)cthcr 

2-Chlorophcnul 

I ,J.Dii.:hlorobcn7.cnc 

1.4-DichlorobcnZt;nc 

Bcnzaldchydc 

llcnT.yl Alcohol 

1,2-Dichlorobcn:t.cnc 

2-Mcthylphcnol 

U i:H 2..chloroi~propyl )-clhcr 

Acetophcnone 

4-Mc1l1ylphcnol 

N-Nit1osodi-11-propylamine 

I lc.,ocl1loroc1lumc 

Nitrol>enzc11e 

lsophoronc 

2-Nilrophcnol 

2,4-Dimclhylphcnol 

Benzo1c Acid 

l~is(2-chloroclhoxy)mcthanc 

~,4-Dichlorophenol, 

1.2.4-'hichlorobcnzcnc 

Reference 
Citation 

8270C 

8270C 

8270C 

8270C 

8270C 

8270C 

8270C 

8270C 

R:?70C 

8270C 

8270C 

8270C 

8270C 

H270C 

8270C 

8270C 

H27UC 

8270C 

8270C 

8270C 

8270C 

8270C 

8270C 

H270C 

Dair 
An11l}'z.ed 

12/2912003 

12/)112003 0.500 

12129/2003 1.00 

12/3112003 0.500 

12/3112003 0.500 

12/31/2003 0.500 

12129/2003 1.00 

12129/2003 1.00 

12129/2003 1.00 

12/2912003 1.00 

12/3112003 0.500 

12/3112003 0.500 

12/29/2003 1.00 

12/31/2003 0.500 

12/29/2003 1.00 

12/2912003 1 ,00 

12/31/2003 0.500 

12/31/2003 0.500 

12/3112003 0.500 

12/3112003 0.500 

2/11/2004 5.00 

12/31/2003 0.500 

12/2912003 I .00 

12/29/2003 1.00 

Sl-:l\11-VOLATIJ.t: LAHOHATOHY 

ug/I. 

uw1. 

ug/L 

ug/L 

ug(L 

u~L 

ug/I. 

ug/L 

uµ/L 

ug/L 

ug/I. 

ug./L 

ug.11. 

ug/L 

ug/L 

ug/I. 

ug/L 

11!!/L 

ug!L, 

ug/1. 

0.4QO 

1.04 

0.488 

0.512 

0.810 

0.345 

1.16 

0.920 

0.450 

0.532 

0.526 

0 367 

3 Jo 

0.469 

0.840 

0.970 

0.454 

0.476 

o.no 
0.422 

0.780 

0.8JO 

0.528 

0.481 

0.604 

0.315 

3.78 

0.399 

0.710 

0.820 

Rep. #J 

0.370 

0.270 

0.640 

0.650 

0.44'> 

0.563 

0.636 

0.375 

3.23 

0.513 

0.530 

0.650 

Rep. #4 

0.180 

0.340 

0.260 

0.537 

0.480 

0.609 

0.619 

0.554 

0.295 

1.52 

0.550 

0.440 

0.500 

Rep.#!' 

0.710 

0.325 

0.550 

0.501 

0.460 

0.456 

1.06 

0.374 

3.48 

0.477 

0.900 

I.OU 

Rc.p. #6 

0.620 

0.343 

0.470 

0.429 

0.482 

0.457 

0.8KO 

1.02 

0.540 

0.870 

0.840 

0.800 

Rep. #7 

O.JIO 

0.281 

0.290 

0.514 

0.431 

0.424 

0.620 

0.770 

0.330 

0.6l0 

0.400 

0.502 

0.670 

0.560 

Anraaeo 
Amount 
..-ound 

0.461 

0.299 

0.393 

0.475 

0.437 

0.426 

0.834 

0.864 

0.4JQ 

0.831 

0.476 

0.541 

0.759 

0.426 

0.819 

0.733 

Revision Number: 

Average
% 

ReC"uvery 

46% 

60% 

39% 

95% 

86% 

44% 

83% 

108% 

85% 

82°/o 

73'}0 

101% 

114% 

120% 

71% 

Date Revised: 
Date Initiated: 

Slaadard 
lkvialiun 

0.IR5 

0.03.50 

0.105 

0.0490 

0.0391 

0.0344 

0.1114 

0.114 

0.146 

0.198 

0.0542 

0.0775 

0.0760 

0.0416 

0.242 

0.179 

0.0586 

0.0553 

0.0483 

0.0366 

0.747 

0.0472 

0.187 

0, 194 

MDI. 

0.5~2 

0.110 

O.JJO 

0.154 

0.12) 

0.108 

O.S7H 

0.357 

0.458 

·0.621 

0.170 

0.244 

0.239 

O. IJI 

0.761 

0.184 

0.17'1 

0.152 

0.115 

2.35 

0.148 

0.587 

0.611 

5.8 
6/22/12 
12/9/98 
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Parameler 

Phenol 

Aniline 

Bis(2-Chloroelhyl)Ethcr . 

2-Chlorophcn~I 

1,3-lJich~orob,enzcnc 

1.4-Dichlor~bcnzc~~ 

_ Benzyl ~kohol 

I .l".'D~chlo_r~~nun~ 

l-M~thyl~hcnol 

Bi~(~".'Chl~-~oi~propyl)t:1her 

4-Mcthylphen~I 

N-Nitrosodi-~-~ropyl_":l~inc 

lle-xachloroclhanc 

Nitrobenzenc 

l~oph~ro~e 

2--~l~roril;'rnol 

2.4-~~mcthylphenol 

Bcnzoil' Acid 

Bis(2-Chlor~lhoxy)Mclhanc _ 

. ·2.ol-~l~hl~r~pb_~nol 

1.2.4-_Tr~.t'.hlc;'roben;,.ene 

NaphthalC'nC' 

g• , 5.8.doc 

Date 
Analyzed 

1_2115/200.J 

1211~/lOOl 

12/15/200.J 

12/15/200.J 

12115/lOOl 

12115/2003 

12/~S_(.Z~O.J 

12/IS/200.J 

12/l!li/200.J 

12115/200.1 

12/15/200.J 

12/IS/2003 

12/15/200.J 

12/15/2003 

12/15/2003 

12/l~/20fU 

1211 !'i/2003 

12115/200l 

12/l!'i/200.J 

12/IS/200.J 

12115/200.J 

12115/200.1 

Mdhud 

8~70.c_. 

8270c 

827Uc 

8270c 

8270c 

8270c 

~270c 

8270c 

8270c 

8270c 

8270(' 

8270c 

8270c 

8270c 

8270C' 

8270e 

8270c 

8270c 

8270c 

8270c 

82?0c 

827Uc 

Inst. 
Number 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

133 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

I-VOLATILE LABORATORY 
OF CAPABILITY FOR SCOTT J. PUGH 

Cert. #2 Cert. #3 

Amount 
•·ound 

Ccr1. #4 Average Pcrccnt Pass/Fail .,crccnl Prrcrnl Percent 

Amount Percent Recovery Percrnt RSI> · RSD RSD 
•·ound Rccovery Window Rccovcry Window Passt•·au 

40.9% 

54.7% 

19 -~!ii 4.4o/o PASS 

PASS 

Overall 

Passi 
•·au 

PASS 

PASS 

u,.tL 

ug/I... 

4.J:400 

5.8100 

9.6100 

4.0800 

5.5100 

9.3900 

8.2500 

7.8000 

92.2% 

23 -84 

10 -1;rn 
70 -130 

70 ._130 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

4.6o/o 

3.7% 

S.8o/o 

4.1% 

S.5% 

3.7% 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

PASS PASS 

ug/L I 0.0000 

_ uat~. . ~~.o~_oo 
ugfl. 10.0000 

~WI_.. 10.0000 

ug/l. 10.0000 7.5500 

ug/l. 10.0000 9.3000 

u~/l. I0.0000 7 .2900 

ug/I. 10.000~ 9.3500 

ug/L I0.0000 7 .8000 

ug/L I 0.0000 8.8400 

u,.tl. I 0.0000 9 .3 I 00 

ugfl_.. 10.0000 8.8100 

ugfl •. 10.0000 7.2100 

ug/L 10.0000 4.3400 

ug/l. 10.0000 9.1600 

Utc/L 10.0000 9:08.~ 

ugfl. 10.0000 . 8.2000 

u2fl. 10.0000 9.2200 

9.2300 

7.9000 

9.3700 

9.7400 

9.5200 

7.2400 

9.3600 

9.5200 

7.0800 

5.4500 5.3600 

9.5800 

9.3200 

8.6700 

9.6IOO 

9.5900 

9.4000 

9.0400 

9.3200 

9.2700 

9.3400 

R.5100 

R.9200 

82.2% 

78.4% 

?6.9°Y~ . 70 ·I ~O 

84.5% 70 -130 

70 -130 PASS 3.8% 

86.1% 

92.7% 

70 ·130 PASS 

70 -130. PASS 

70 -IJO P4SS 

70 -130 PAS.."' 

PASS 

PASS 

PASS 

2.6% 

2.0% 

s. 7°/o 

3.1% 

3.2% 

2.1% 

3.6% 

2.4% 

P~S~ 

PASS 

PASS 

PA..'iS 

PASS 

PASS 

PASS 

PASS 

PASS 

PAS.."t 

PASS 

PASS 

PASS 

PASS 

PAS..'i 

PASS 

.. ASS 

P.\.SS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 
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ChrCllltogra Plot 
. eo.ent: JMS1111111DfI 138 

Attachment 23.10 
Figure 1 

Pentachlorophenol Tailing Factor 

Scan: 1158 Seg: 1 Group: 8 Retention: 9:35 RJC: 138853 Mmes: 48-356 
Plo~ted: 1188 to 1158 Range: 1 to 2816 1118'1. = 1169453? 

Revision Number: 5.8 

Date Revised: 6/22/12 
Date Initiated: 12/9/98 

~~ 
180%-. 0 

-llldislalltts~111-fnlmA•B,c; 
B to C, at 10% of the TIC peak heighnphenol. 

TOT 

10% 

gr04103 5.8.doc 

QA Manager 

1128 
9:29 

IA·Bl=2.5 ~ v 
IS.Cl =3.S 

Tailing factor = BC 3.512.S = , 

1138 
9:25 

1148 
9:38 

Approved By: __________ _ 

Area Manager 
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Attachment 23.11 
Figure 2 , 

Continuing Calibration Standard (10 ug/ml) 
Total Ion Chromatogram, Varian Ion Trap 

~~ 
ChroNatograN Plot C:\SATURH\DATA\18C8428A Da(J~ 12:84:14 
CoN111ent: IHSTRU11EHT 133 
Scan: 5288 Se9: 1 Group: 8 Retention: 44:88 RIC: 97 2 sses: 43-433 
Plotted: 1 to 5288 Range: 1~.8 x = 12608842 

l!llt< N 
~ 

TOT 

3088 
25:08 

4080 
33:28 

5888 
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Attachment 23.12 
Figure 2A 

Continuing Calibration Standard (10 ug/ml) 
Total Ion Chromatogram, Agilent 5973 MSD · \ 

Quantitation Report ~~ 
Data File C:\HPCHEM\1\DATA\04-27-04\10TP0427.D Vial 7 
Acq on 27 Apr 2004 10.17 operet · 
Sample lOppm bna pest Inst · MS Ina 
Misc : Mult plr: . 
MS Integration Params: rteint.p 
Quant Time: Apr 27 10:44 2004 Quant Res6 e: NA04074.RES 

Method C:\HPCHEM\1\METHODS\BNA04074.M (RTE I tegr or) 
Title 8270C/625 BNA 
Last Update Tue Apr 27 17:24:56 2004 
Res onse via Initial Calibration 

TIC: 10TP0427.0 

2400000 

2300000 

2200000 

2100000 

2000000 

1900000 

1800000 

1700000 

1600000 

I!! 

Ii 1500000 

1400000 

1300000 
q 
~ 
I! 

1200000 .. 
' 

l! I It l .. 
·~ !:!'.-< 

I 
~1 

I 
ll 

I 

1100000 

1000000 

900000 

800000 

10TP0427.D BNA04074.M Thu Apr 29 14:34:16 2004 Page 4 

gr04103 5.8.doc 
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Attachment 23.13 
Figure 3 

Standards Form Example 

Analytical Standard Record 

TriMatrix Laboratories, Inc. 

A605395 

Description: DFTPP Tune Standard Expires: 

Standard Type: MS Tune Prepared: 

Solvent: Solvent Lot# C07H05 Prepared By: 

Final Volume (mis): I Department: 

Vials: I Last Edit: 

Solvent: MeCI 

Analyte CASNumber 

4,4'-DDT 50-29-3 

Benzidine 92-87-5 

Decafluorotriphenylphosphine 

Pentachlorophenol 87-86-5 

Prepared Prepared By Expires 

Pentachlorophenol, SVMS Aug-27-01 ••Vendor .. Aug-27-06 

A512731 4,4-DDT SVMS Dec-08-05 ••Vendor•• Dec-08-06 

A601262 Benzidine, SVMS Feb-24-05 ••Vendor•• Feb-24-08 

A603057 DITPP,SVMS Feb-27-06 ••Vendor•• Feb-27-07 

gr04103 5.8.doc 

Revision Number: 5.8 

Date Revised: 6/22/12 
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Concentration Units 

50 ppm 

50 ppm 

5 ppm 

50 ppm 

Last Edit (mis) 

Dec-Ol-0511:57byRGJ 0.05 

Dec-27-05 09:53 by SJP 0.05 

Jan-09-0615:23 by SJP 0.05 

Mar-02-06 08:58 b SJP 0.005 
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Attachment 23.14 
Figure4 

Analytical Run Logbook Example 

+\ TriMatrix 
Laboratories, Inc. 

Instrument ID: Saturn GC/MS lnstru~nt #IJJ Date: __i/_1.231 ~'/ Taped: 

I 1111 !II' cq 111ill 1n Im n1al' Te111 lu1 h 

uldpDer: ;5.:;c lse ange: 40-450 amu Temp. Rate 

AGC )!)cit) nds/Scan: O.SOO GC (C) (C/min) 

Interfaa Temp: lSOC Fillment Delay: J.S min. litep #I 
..... --- -

Source Temp: 190C Threshold: 2 counll Step #2 ~ 101 

Head l'ressuR: 8 psi MmDefect: 0 Step,, JI~ ... .,, 
Background Mass: 35 amu St& ~IS "ti.o 
Curve Date: I I .3J) 11

./ njecL 'Ill " 0.0 

~ lniecL ..i1 .... JOO 100 ... I..,. JOO 0.0 

rf ~ 
, 

Sample I Fiie ID Client lnjTime DH Method 

-
'])PT~%& s ~47 ; ~ .... i'Fi1'f g27u 1,5)Q: 

5c,o~A 9:i( ~ • "C ~ 6,.J ,4 Bs.,J; 
A/1()'/.,131/ . •II" ~~ ~c. , ... 'J 

.3~18 ... .. .i\' ~ ,. 
~ 

35~3Z.1 "'tt..:.1~ i...-. 

3S~:Ho ~ ~.~J\ 

358331 A--- II... l..,j ....... r l\',-t( 

35833Z. 
.... ' • \ "ll,t, '\ 

3~33.::..___ ' ~ I , .. O'\ 

~·~ ''" -· l"'.~\ \ 
~-&~3::,' ~ -fo l\.'.l,,'\ ~ • ~ 

' ?.~ - 11'.~i )~ /,,) nt.. &.VA ~Z7D 

r11r: IJJ_RUN.XLS page: 16of61 

gr04103 5.8.doc 
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_Q 
Disk to:f } ~alyst: SY'S .. , '..I h1n OU 

"ime t Ntw Column Date: !//(., /<! ..,__, 
New Seuta: Yes (No ) 

1.5 1.5 WorkiDR Std. #:.Si·'/. .33 · 1 
15.S 17.0 tntStd.t:~Y· 31< 
4.6 21.6 Tune Std. II: 5J{J 3-B 
16A 38 lnj. VoL: I ul. 

0.5 0.5 orrPP ARa 198: l/11307K 
2.55 J.S DDT BRBkdown: 0°2. 
15 IS.OS 

Notes 

n:vbion: 1.0 
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Method 8270C Selected Ion Monitoring (SIM) Instructions 

Selected Ion Monitoring.(SIM) allows the mass spectra. meter to detect specific compou.nds with lry high 
sensitivity. In SIM mode the instrument obtains data at select masses of interest inst~e~g the 
mass filter over a wide mass range. 

To set up SIM monitoring, the compounds of interest must first be analyzed be· full GCMS 
scan to determine the ions to use. Two to three ions are selected for each targe mpo n . Include the 
most abundant ion if it is unique to the compound. Higher mass ions a re specific and 
separated from interference. · 

The easiest way to determine mass accuracy is by tabulating ful an spectra of the compound. 
Print the mass. table and use the m/z value in the tabul~ti · the earest 0.1 AMU for the SIM 
acquisition mass. 

After SIM acquisition masses are determined for each mpou ns are grouped according to elution 
time. Limit the number of ions being monitored in a gro to tween 3 and 8. Only one group can be 
monitored at a time. The end-.time for one group mmes start-time for the next group. Using these 
groups, the important ions for a list of com~o· ·n monitored by switching from one group to 
another at the appropriate time during a chro togr Ii un. 

Once the monitoring ions are determi n ions grouped, set a dwell time for each group to 
optimize the cycle time. Obtain 15 across each peak. A dwell time of 50 msec for each 
group is a good starting point. A ire n with this dwell time and note the number of scans across 
each peak. If the number of sc ss t n 10, the dwell time needs reduced. If more than 25 scans, 
the dwell time needs increased. 

Follow every step in thml · al p cedure when using the SIM. A full-scan tune is acquired and must 
pass at the start of ea 12- u hift. Use a calibration curve of at least five points that pass acceptance 
criteria. Curve conce ation will depend on compound response and client requirements. Depending 
upon response.e~. · ation standard is generally between 0.002 ug/ml and 0.1 ug/ml. Internal 

sra~ ~'-' 05 uWmL 

gr04103 5.8.doc 
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Attachment 23.16 
4,4'-DDT Degradation Result Example 

Data Path 
Data File 
Acq on 
Operator 
Sample 
Misc 

C:\MSDChem\l\DATA\04-07-ll 195\ 
Dl'T04 078. D -

7 Apr 2011 10:09 
DMC 
DPT0407B 

ALS Vial : 2 Sample Multiplier: l 

Quant Time: Apr 07 10:26:55 2011 
Quant Method C:\MSDCHBM\1\MBTHODS\4DDT.M 
Quant Title 4-CHLOROPHBNOL 
QLaat Update Tue Maroa 08:42:29 2011 
Response via Initial Calibration 

Abundan<:e 
I 

1400000 

1200000 

10000001 

800000 

600000 

400000 

200000 

0 . '. 
Tim&-> .7.80 
Abli'8 

250001 

~I 
150001 

10000\ 
50001 

I o., 

too 
2"6.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

grtl4103 5.8.doc 

Ion 235.00 (234.70 IO 235. 70): OFT0.07B.0 
Ian 2-48.00 (245.70 lo 2-48.70): DFT04078.D 

i 
11 

· Revision Number: 

Date Revised: 
Date Initiated: 

I I• 'I I' 
9.80 9.80 10.00 

282 318 

5.8 

6/22/12 
12/9/98 



STANDARD OPERATING PROCEDURE 

Dissolved Methane, Ethane and Ethene in Water by Head--le 
Equilibrium and Gas Chromatography ~ ~ 

VO 
~ APPROVALS: 

Newell SOP RSK-175 

"'lllllliiil~cedure Number: GR-03-130 
Revision Number: 0.5 

By: Andrea S. Colborn 

Total Number of Pages: 22 

Date: lf · ;;i. ti··· \' 

Date: _?.__-~17'_-__ //.__. _ 

Date Revised: 9/19/11 
Pages Revised: All 

If signed below, the last annual review required no procedural revision. 

Date Reviewed Reviewed by Review Expires 



SOP Name: Dissolved Methane, Ethane, and Ethene in Water Revision Number: 0.5 
by Headspace Equilibrium and Gas Chromatography 
Newell SOP RSK-175 

SOP Number: GR-03-130 page 2 of 22 
Date Revised: 9/19/11 
Date Initiated: 3/31/00 

1.0 SCOPE AND APPLICATION 

1.1 This analysis is applicable to the determination of dissolved gases in non-saline groundwater by 
headspace equilibrium, at parts-per-million levels. Measurement of dissolved gases i water is 

1.2 

2.0 

2.1 

2.2 

3.0 

3.1 

3.2 

3.3 

used to monitor active bioremediation and natural attenuation. 

This procedure is restricted to use by or under the supervision of analy~erien ed in 
headspace and gas chromatography analysis. A demonstration of capabih dy must be 
performed by all analysts, before processing samples. 0 
PRINCIPLE METHOD REFERENCES 

Water Samples using a GC headspace Equilibration Tech ue,. vision O; August 11, 1994 

2.1.1 A modification to this procedure is that in~io es used are 200 µL instead of 
300 µL. 

USEPA, Region 1, Technical Guidance for the ~ural..J tenuation Indicators: Methane, Ethane, 
and Ethene, Revision 1, 02121102 w V 

SUMMARY OF PROCEDURE 0 
Water samples are pres~ee ted in 40 ml VOA vials with PTFE-faced septum-lined 
caps, without headspace. ea ace is introduced at the laboratory by replacing a specified 
sample volume with ultra 1 urit elium. 

Water and headsperation is performed by shaking each vial, for at least 5 minutes. A 
measured. he~a o u is then removed and injected onto a gas chromatograph column. 
Target gases re ated on the column and detected by flame ionization (FID), for 
quantitation a inst a tandard calibration. 

T. arget Cn~ntration is calculated using Henry's Law constants (at the sample temperature), 
~~headspace concentration, vial volume, and the sample temperature. The 
~on ol gas in the liquid is proportional to the partial pressure ol the gas above the liquid. 

4.0~METER OR COMPOUND LIST 

Linear Reporting 
CAS Molecular 

Analyte Range Limit 
Number 

Weight 
(ug/L) (ug/L) (g/mole) 

Methane 0-50 5.0 74-82-8 16 
Ethene 0-50 5.0 74-85-1 28 
Ethane 0-50 5.0 74-84-0 30 
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5.0 REFERENCED SOPs 

5.1 

5.2 

5.3 

6.0 

6.1 

6.2 

6.3 

6.4 

TriMatrix SOP GR-10-125, Method Detection Limit (MDL), latest revision \ 

Tri Matrix SOP GR-15-102, Laboratory Waste Disposal, latest revision ~~ 

TriMatrix SOP GR-03-101, Semi-Volatiles Laboratory Quality Control Correc ctions, latest 

revision 0 
INTERFERENCES AND CORRECTIVE PROCEDURES r ~ . 
Samples can be contaminated by diffusion of volatile orga (p~y chlorofluorocarbons 
and methylene chloride) through vial septa, during shipm an torage. A field blank must be 
prepared from analyte-free reagent water and carrie~t all mpling and handling steps, to 
verify contamination by diffusion has not occurred. 

Carryover can occur whenever low-level sam es are uentially analyzed after a high-level 
sample. To minimize carryover, sample syring mu e rinsed between gas chromatograph 
injections with helium gas. When a highly~cen~ d sample is analyzed, it must be followed 
by analysis of a syringe blank. G' V . 
Before processing samples, the anal mus demonstrate an interference-free analytical system 
by analysis of an organic gas-fr t k. The blank analysis must be performed each day 
samples are analyzed. l~int re detected at or above the reporting limit, the problem 
must be resolved before s pie lysis begins. 

Methane is a very~ aminant and occurs naturally in the atmosphere. Automobile 
exhaust also cont · levels of target gases. Care must be exercised to prevent 
contaminationg· · nsp and the field blank used to monitor contamination levels. 

6.5 Moisture can terfe with low-level analysis. If a problem, moisture interference can be 

7

.

0 

:~QUTIO::ough a calcium suW.te moisture trap 

7.1..._ ~ laboratory coat an~ approved safety glasses while in the laboratory. In addition, 
~sable gloves must be worn whenever samples or reagents are handled. 

7.2 Follow all instructions outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. 

7.3 For laboratory waste disposal, refer to TriMatrix SOP GR-15-102. 

7.4 The total toxicity and/or carcinogenicity of reagents used in this procedure have not been 
precisely defined: 

7.4.1 Treat all chemicals as a potential health hazard. 
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SOP Name: Dissolved Methane, Ethane, and Ethene in Water · Revision Number: 0.5 
by Headspace Equilibrium and Gas Chromatography 
Newell SOP RSK-175 

SOP Number: GR-03-130 page 4 of 22 
Date Revised: 9/19/11 
Date Initiated: 3/31/00 

7.5 

7.6 

8.0 

8.1 

8.2 

8.3 

7.4.2 Reduce exposure to the lowest possible level by adherence to established safety 
policies. 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of .;:ill 1emicals 
used in this procedure. Consult the MSDS for detailed chemical info62~ 

Waste samples can be highly toxic and varied. Treat any exposure as~o · danger and 
immediately decontaminate the exposure. Clean waste-contaminat I protective 
equipment before using again. 

Bring all safety issues to the attention of the Area Supervisor and/°On Safety Officer. 

SAMPLE SIZE, COLLECTION, PRESERVATION AND H~ PROCEDURES 

Collect samples in duplicate pre-preserved 40 ml v~ii'V 
8.1.1 Use hydrochloric acid (HCI) as the pr~rv~ 
8.1.2 Fill each vial by gently pouring ~n t¥;'de of the glass without agitation, to just 

before overflowing then caapt P septum facing inward. Do not le.t the vial 
overflow. 

8.1.3 Do not fill· in a way ir es pass through the sample. If headspace or air 
bubbles are trapp pie after a vial is sealed, repeat the sampling with a 
fresh vial. 

Store collected sam~le t 0 
vapors. 

Analyze sam~ 4 days of collection. Samples not analyzed within this holding time 

Sample storage must be free of organic 

must be narra~ualified as estimated. 

9.0 l~CJTION, APPARATUS, AND MATERIALS 

9.1 ~ war and Materials 

9.1 Gas sampling bulbs for working standards, glass, with PTFE stoppers and a septum 
, interface, 250 ml and 140 ml 

Note: Verify the gas sampling bulb volume annually. Volume must be within ±1 
ml of 250 or 140 ml. If not, replace the bulb or use based on the actual 
volume measured. 

9.1.2 Gas-tight syringe, with side-port needle, glass, Hamilton or equivalent, 500 µl, 50 µl,, 
10 µl, 

9.1.3 Screw-cap VOA vials, 40 ml, with PTFE-faced septa 
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SOP Name: Dissolved Methane, Ethane, and Ethene in Water Revision Number: 0.5 
by Headspace Equilibrium and Gas Chromatography 
Newell SOP RSK-175 

SOP Number: GR-03-130 page 5 of 22 
Date Revised: 9/19/11 
Date Initiated: 3/31/00 

9.2 

9.1.4 Gas-tight syringe, with side-port needle, glass, Hamilton or equivalent, 5.0 ml 

9.1.6 ~~ Helium, ultra-high purity or equivalent 

9.1.5 Gas standards at 10,000 ul/L (ppmv) 

9.1.7 Mechanical shaker, Burrell wrist:-action shaker, model 75 

9.1.8 Three-finger clamps 0 
9.1.9 Ring stand c; 
Instrumentation 

9.2.1 Turbochrome data acquisition software, ve~si Oelson 

Note: Refer to the Equipment List lo f ~~boratory intranet library for a 
. full description of minimu~nd c~ instrument specifications. 

9.2.2 

Note: Refer to the lnforma n Te¥gy (IT) department's Computer Inventory 
Database for mi · n urrent computer and software specifications 

19.1v.r.::il instrument. 

Varian 3400 gas chr~ quipped with an FID detector 

9.2.2.1 lnjeA...:r~~re: 250° C 

9.2.2.2 £.~mperature: 280° C 

9.2.~ ~Temperature: 45° C Isothermal 

p·~.,.,J·fold Time: 3.0 min 

~ Packed Column: Supelco 50/80 Porapak P, 12' x 1/8" 

~P Agilent 5890 gas chromatograph, equipped with and FID detector 

~ 9.2.3.1 Injector Temperature: 250° C 

9.2.3.2 Detector Temperature: 280° C 

9.2.3.3 Column Temperature: 30° C Isothermal 

9.2.3.4 Hold Time: 3.0 min 

9.2.3.5 Packed Column: Supelco 80/100 Porapak P, 6' x 1/8" 

9.2.4 Injection Volumes: 2.0 µL to 500 µL 
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10.0 ROUTINE PREVENTIVE MAINTENANCE 

10.1 Change GC injection port septa as needed. .· ~ 

10.2 Run helium blanks to clean out the column if poor chromatography or interf~a r. If 
running blanks does not resolve the problem, corrective action is required ~ d in uding 

11

.0 :~::~:~:c:::n::::::~ple analysis can begin. 

00 
11 .1 Laboratory reagent water (gas-free) 

11.2 Gas standard cylinders containing methane, ethene and A 1 % (10,000 ul/L), purchased 
commercially and certified to be NIST traceable / ~ v 

12.0 STANDARDS PREPARATION v 
Stock Standard '-. Y 12.1 

12.1.1 The 10,000 ul/L gas mixture ~~rectly from the purchased cylinder as follows: 

12.1.1.1 Turn on Uteady stream of bubbles is emerging from cylinder 
an~in which is a tubing line connected to a T -connector with 
the ing d in a beaker of water. The other end of the T-connector 

a se um port for syringe extraction of the gas. 

· 12.1.1.2 the gas flow is steady, insert a syringe in the septum port and 

0 
w the appropriate gas volume for injection into the 250 ml gas 

p ng bulb. 

12.2 Working~d! 

1~.2. ~a 250 ml gas sampling bulb as 200 ul/L and fill it with helium. Quickly rotate the 
topcock several times to relieve excess pressure. With a gas-tight syringe, draw out 
.0 ml of helium. Purge the helium in the syringe to the atmosphere. With the same 

syringe, withdraw 5.0 ml of 10,000 ul/L standard (Section 12.1.1) and inject into the 
200 ul/L bulb. 

12.2.2 Different volumes of the 200 ul/L standard are injected to develop the calibration 
based on a 200 µL injection, as follows: 

Volume 
Concentration Concentration Injected 

(uUL) (Pgas) (µL) 
500 500 0.0005 
100 100 0.0001 
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13.0 

13.1 

13.2 

13.3 

Volume Concentration Concentration 
Injected (uUL) {Pgas) 

(~L) 

50 50 0.00005 
20 20 0.00002 
10 10 0.00001 
4.0 4.0 0.000004 ~4. 

SAMPLE PREPARATION r 0 
Remove samples from the refrigerator and bring to room temperatu~ continuing. 

To generate sample vial headspace, invert a sample vi~ee-finger clamp attached to a 
ring stand. Insert a needle attached to a Luer-Lok syri e ou the septum. Connect another 
needle to the two-stage regulator of helium with n FE tubing. Insert the helium 
needle into the vial and inject helium at 5 ml/min o helium will force sample into the 
syringe. Pull the helium line from the sampl~·ust b 10% of the total sample volume is 
reached. Allow the pressure in the vial to equali ef . recording the actual volume of sample 
removed. . '-. ~ 

Note: Purge the PTFE tubing witt-A_Ve preparing a sample and do not turn the gas 
off until all samples are re~ 

Shake the sample vial for at · tes to equilibrate headspace and liquid phases. After 
shaking, extract 200 µL of ad ce with a 500 µL gas-tight syringe. If an immediate injection 
can not be made, vials t kep nverted until the headspace can be analyzed. 

13.4 Insert the syringe the septum far enough so the needle port is fully in the headspace 
before extract~ oon s the headspace is extracted, inject into a gas chromatograph for 
analysis. v 

14.0 CALIBSROCEDURES 

14.1 ~helium blank before calibrating the GC to determine if the system is clean. If 
~on is observed, correct the problem before calibrating. 

14. truct an initial six-point calibration curve by injecting each standard volume (Section 12.2.2). 
t sequentially from the lowest to highest concentration. The lowest standard must have a 

signal to noise ration greater than 5. Plot peak area against concentration as a decimal fraction 
relating to partial pressure (For example: 10 ul/L is 0.00001 as a decimal fraction). A linear 
regression coefficient of 0.995 or higher must be achieved. Use only linear regression to 
calibrate with. Refer to Attachment 21.3 for a methane calibration example. 

14.2 Continuing Calibration 

After initial calibration, analyze, calibration verification standards (CCV). A CCV is a 100 ul/L 
standard (0.0001 as a decimal fraction), which must be analyzed initially then at a frequency of 

gr03130 0.5.doc 
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15.0 

15.1 

15.2 

15.3 

16.0 

16.1 

once every 10 samples. CCV recovery must fall within 85 - 115%. If a target gas falls outside 
these acceptance limits, repeat the CCV analysis. If recovery is still unacceptable, correct the 
problem and rerun all samples analyzed since the last acceptable CCV. 

ANALYTICAL PROCEDURE ~ 
After GC calibration, prepare samples by introducing headspace. A~er n,ng, analyze 
immediately or keep vials inverted until the injection can be made. ~~L gas-tight 
syringe to inject 200 µL of headspace, as described in Section 13.0. 

If a peak response exceeds the calibration range, inject a lesser 2um eadspace. If less 
than 2 µL is required to put response within the calibration range, pa a headspace dilution 
by extracting headspace from the sample and injecting~· a ga mpling tube filled with 
helium. 

Once sample analysis is complete and the final CC~I~ le, take the temperature of the 
first sample prepared. This is the temperature(in Ke1V'i I be used in the calculations. 

CALCULATIONS AND DATA HANDLING v 
Dissolved gas calculations involve sege ~allows: 
16.1.1 From sample analysis, an a co t is .obtained. Using area count and the standard 

curve, determine sa I gas pressure. 

Pgas 

The linear regression conforms to partial pressure based on the assumption, as 
follows:· 

P9as = m(area count)+ b 

Where 
Pgas = Partial pressure of the target gas (decimal fraction concentration) 
m = Slope of the calibration line · 
b = Y-intercept of the calibration line 

16.1 .2 Calculate target gas concentration in the sample vial headspace phase, as follows: 
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Concentration in headspace (mg/L) MW g mole 273 K 1000 mg mlheadspace P9as 

= Mole 22.4 L T K g 

Where: 
MW = 
T = 

16.1.3 

Concentration in Water Phase (mg/L) Pgas 

= 

Where: 
Hgas @ T = Henry's law constant f 

16.1.4 

16.2 

ace Area Count = 978264 

d Blank Area Count = 2766 

Henry's Law Constant = 4.13E+04 @ 25° C 

Sample Temperature = 25° C (298.15 K) 

Vial Volume = 60 ml 

Headspace Volume = 6.0 ml 

Molecular Weight = 16 g/mole 

16.2.2 Let the calibration curve be as follows: 

Pgas = 1.814E-09(area count) - 6.716E-06 

P gas = 1.814E-09(978264 - 2766) - 6. 716E-06 

gr03130 0.5.doc 
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16.3 

17.0 

17.1 

Pgas = 0.0018 

16.2.3 Calculate target gas concentration in the sample vial headspace phase, as foll 

16.2.4 

16.2.5 

Headspace Concentration 
(mg/L) = 

16 g mole 273 K 1000 mg 

mole 22.4 L 298 K g 

Concentration in Water Phase (mg/L) 

mole 

+ Concentration in water phase 

When an analyst finishes running a sample batch, data must be input to LIMS 
(ElementT\ Data must be entered completely to ensure that results are reported 
correctly and data is associated with the right quality control batch. Dilution factors need 
added, so reporting limits are raised accordingly. 

17.2.2 A Method Preparation Blank (BLK) must be run for each quality control batch, for each 
24-hour shift. It is important to remember that a Blank Spike (BS) cannot be entered 
without also entering the associated BLK. 
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17.2.3 If internal chain-of-custody (CoC) is required, it is important that the CoC form be filled 
in and archived correctly. 

17.2.4 A.II data hardcopy (including CoC forms) must be archived appropriately. . \ 

17 .3 Laboratory Required Paperwork Q~ 

17 .3.1 All run, maintenance and standards logbooks (if used) must be filled mpletely and 
accurately. Corrections must be made with a lineout, not a we lank lines in 
run logbooks must be Z'd out, dated and initialed. Refer to ttach ent 21. 7 for an 
instrument run logbook example. r : 

17.3.2 All initial calibration and CCV runs must be archived in t~ct binder or hardcopy 

box. ~· 
17.3.3 All hardcopy documentation and raw data~t arc ved. Give these data to Data 

Management who must record the date, · e tents handed in. Sample and 
quality control benchsheets are returned e aper folder after data review and 

approval. "" ~ 

17.4 Rounding and significant figures is to be we!t¥f on final quantltated results by Element~. 

18.0 QUALITY ASSURANCE 0 
18.1 Continuing Calibration Ve~ific ~ 

18.1 .1 A CCV consi t o ... ~~standard, which must be analyzed at a frequency of one 
per 10 sampl C ecoveries must fall within 85 - 115% for acceptance. If a CCV 
analyte r outside the acceptance range, analyze another CCV to confirm. If 
resu~t . · I un cceptable, locate and correct the problem before processing further 
sam es. pies processed since the last acceptable CCV must be re-analyzed or 
narr ed as stimated. 

18.2 Method 6ion Blanks (BLK) 

1~or each 24-hour analysis period, analyze a method preparation blank (BLK) to 
onitor for background contamination. The BLK is a 40 ml vial, filled with laboratory 

reagent water, prepared and analyzed as a sample. All target gas levels in the BLK 
must be less than the reporting limit. If contamination is found, locate the problem and 
correct before further samples are processed. All samples with concentrations above 
the reporting limit and processed since the last acceptable BLK, need re-analyzed or 
narrated as estimated. · 

18.3 Blank Spikes (BS) 

18.3.1 ·For every batch of twenty samples or less a blank spike must be analyzed. A blank 
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18.4 

18.5 

18.5 

19.0 

19.1 

target analytes. If the BS does not have acceptable recoveries, all samples in the 
batch must be re-extracted or qualified. 

Matrix Spikes/Matrix Spike Duplicates (MS/MSD) · ~ 

and analyzed. An MS/MSD is prepared by spiking a sample at lrea has 
18.4.1 For every batch batch of twenty samples or less an MS/MSD pairl acted 

headspace introduced with 200 µl of 1 % gas standard straight fro gas cylinder. 
If there is not enough vials to prepare an MS/MSD pair a Q duplicate is 
prepared and all samples in the associated batch are qualified. 

Verify each new calibration with a second-source calibration ver 1catio s andard (SCV). An 
SCV must be ± 25% of the expected value to be acceptable. Th CV ust be acceptable to 
begin sample analysis. If not acceptable, locate and co~re e pr then repeat the SCV 
successfully. Prepare new standards and re-calibrat he no instrument malfunction is 

indicated. /L~ 

Take corrective action for quality control problems in Ve with TriMatrix SOP GR-03-101. 

DEMONSTRATIONS OF CAPABILITYIM~O~ATIONS 
Before the analysis of actual sampl~e~ ¥st must demonstrate the ability to generate 
acceptable accuracy and precision ru ing a demonstration of capability study. While 
demonstrations of capability ar in ent-dependent, one is required on every instrument 
running samples, to demon · trument's ability to generate acceptable accuracy and 
precision. 

in reagent water for the demonstration of capability study, as 19.2 Prepare four gas-fr~esp1 
follows: 

19.2.1 Crea ce in the sample vial, as outlined in Section 13.2. Keeping the vial 
inve d, in· ct an aliquot (200 µl) of the secondary stock cylinder containing methane, 

ethene. Continue the preparation including every step in the process and 
e exactly like a field sample. 

1~a cu ate the SCV concentration for each gas as follows: 

l 

..._ ''5pike amount (ug) = Gas Density (ug/µl) * Gas Volume (µL) v MW g mole 273 K STD µl V.,n· ml 
Spike amount (ug) = 

mole 22.4 l T K l 1000 ml 
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= Concentration of the spiking standard, in uUL (ppmv) 
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= Molecular weight of the target gas, in g/mol.e 
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19.3 

19.4 

19.5 

19.6 

19.7 

19.8 

17.0 

SCV Concentration (mg/L) 
Spike amount (ug) 

=~--~~~ ............... -
Vwater ml 

Where: 
Vwater = Water phase volume, in ml ~ 

Analyze the four spikes following every step in the procedure. n 
Input to the IDC spreadsheet to calculate average recovery and relativA~eviation for 
each gas. V 
Results must be within the quality control limits associated with th~V~ Element™. If results 
are acceptable, the demonstration of capability study passes. · T~~t and instrument are 
authorized to process samples. ~( · 

If any gas fails, locate and correct the problem then re t st y for the failed gas. Repeated 
failure indicates a general problem with the proce e d/ echniques used. If this occurs, 
locate problem, correct the procedure and/or techniq u then repeat the demonstration of 
capability study successfully. Samples may no~ ~-n_a~ by any analyst or on any instrument 
until a demonstration of capability study has been vsfully completed. 

A demonstration of capability study is ~ch analyst annually. 

A method detection limit (MD~~cordance with TriMatrix SOP GR-10-125 is also 

required annually. ' · 

POLLUTION PREVEN 

17.1 Maintain an invento emicals used in the laboratory to monitor their use. 

17.2 Never dispos~~ tory chemicals without first referencing appropriate written disposal 
instructi?~icular material. 

17.3 ~~of chemicals where applicable 

17.4 ~·all environmental laws associated with chemicals in the laboratory. 

18.~TE MANAGEMENT 

18.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 
Material Safety Data Sheets are located on the laboratory intranet library. 

18.2 To minimize the environmental impact and costs associated with chemical disposal, order and 
use only the minimum amount of material required. 

18.3 Follow all instructions in Tri Matrix SOP GR-15-102 for laboratory waste disposal. 
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21.0 ATTACHMENTS/APPENDICES 

21.1 Example Spreadsheet for Sample Calculations 

21.2 Standards Logbook Example 

21.8 
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Attachment 21.1 
Example Spreadsheet for Sample Calculations 

Initial Cal ID: 

METH_ CRA.mth 

Blank Area: 231~.bo 

Dissolved Gues In Ground Water 
METHANE 

AREA (1 CONC. ) 

2048.00 0.000004 
4245.00 0.000010 Molecular 
8894.00 0.000020 Henry 

24284.00 0.000050 g-mol r: 

47083.60 0.000100 ~empera re(K): 
224316.68 0.000500 rrectlon Factor: 

Y Intercept: -l.67l58E-06 pace Volume(ml): 
Slope: 2 23255E-09 ~ ttle Volume(ml): 

R: 0.9999~ . / 

.-----------.--------------------------..---..... 

~~.. :~~-~~.i -,~ -~~ -~~··=~ 
358388 20X 

358389 

358390 20X 

358391 2X 

358392 2X 

358393 

358499 

358499DUP 

358500 2X 

358501 IOX 

358502 2X 

358503 2X 

89074.00 18.58 20 ~" .51 i.. O.ool9719 4.77E-09 2.64988E-07 0.004239813 

157152.00 32.90 I , • 'ft0349177 8.45E-09 4.69233E-07 0.007507729 

85716.00 17.87 20 ~ ~7.41 - 0.000189693 4.59E-09 2.54914E-07 0.004078621 

138031.00 28.87 ~ ,15 0.000306488 7.42E-09 4.11867E-07 0.006589873 

142859.00 29.40 '-.2 .. llilii.. 58.80 0.00031209 7.56E-09 4.19394E-07 0.006710311 

3290.00 °"' ~ ~ ~ 0.05 4.95226E-07 l.20E-1 l 6.65497E-10 l.0648E-05 

8290.36 -1 I .. ~ 1.10 l.16588E-05 2.82E-IO l.56674E-08 0.000250678 

5892.00 T O~ ~I 0.59 6.30432E-06 l.53E·IO 8.47191E-09 0.00013555 

165050.5£ '-. 34.01 , 2 68.14 0.000361656 8.76E-09 4.86002E-07 0.007776039 

107~ '3.00 .. ~ 10 219.69 0.000233201 5.65E-09 3.13381E-07 0.005014094 

• d .00 J 28.97 2 57.94 0.000307527 7.45E-09 4.13262E-07 0.006612194 

"'4.1 '."I 'I" 38.57 2 77.15 0.000409448 9.91E-09 5.50227E-07 0.008803628 

41300 
55.5 
298 

0.654 
44 
4.4 

Analyte Im 
Dead-space 

(mL 

8.68E·04 

l.54E-03 

8.35E-04 

l.35E-03 

l.37E-03 

2.18E-06 

5.IJE-05 

2.77E-05 

1.59E-03 

1.0JE-03 

l.35E-03 

l.SOE-03 

F35;;..;.85;;..;.04...;~:-..::-"",....;.;'";;;..;..;;."~;;;..;-""f-v-...;2;;.;.7.;;;..;88,._--=·2_-+--.;;,;;55~.76 0.000295966 7. I 7E-09 3.97727E-07 . 0.006363637 I JOE-03 · 

i;;35""'8504r;.;=D""'u1'l'-""'~"23-.Jlll~~s;;..;.11.;.;;.oo;.;.+-_...;2;;.5·;.;.:40~--=2--4--_.;;,;;5o~.79 0.000269578 

F35=.::i'Rllii.lli1~ox~~.a_99:;.;.607::.:..:..:.:.oo~-...;2;;.o·::.:30:+-.....:.;10:....--+---=2;;;:03~·04 o.00021ss28 

i;;JS;;..;.8506;;..;.6'1J;......;~+--...;.;;33....;;76"".s1'+-_...;o;;.;..06"+--_...;1'"--4---....;;o.;..;..;.c.06 6.88497E-07 

6.53E-09 3.62265E-07 0.005796247 1.19E-03 

S.22E-09 2.89632E-07 0.004634106 9.48E-04 

1.67E-ll 9.2522E-10 l.48035E-05 3.03E-06 

'""35...,.ss...,.0_1 1_ox ___ 9...,.69 .... 12....,.00 ___ 1;.;.9·.;...;15+--10__... __ __.1.._91 ........ so 0.000209645 5.08E-09 2.81726E-07 0.004507619 9.22E-04 

F35;;..;.8s""'o.;..8 ---+-..;.;32~91 ..... 00;.;.+-_......;.o.;;;..;os+---''--+--.;...;o~.os 5.l085JE-07 l.24E-l l 6.86498E· 10 l.0984E-05 2.25E-06 
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Analyte IE 
Liquid PhaR 

(mg/L 

0.01434 

0.02539 

0.01379 

0.02228 

0.02269 

0.00004 

0.00085 

0.00046 

0.02629 

0.01696 

0.02236 

0.02977 

0.02152 

0.01960 

0.01567 

0.00005 

0.01524 

0.00004 
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Attachment 21.2 
Standards Logbook Example 

Ro Standanl 
I Number 

I OClJ/·l 

2 GCJ. ·2 

4 OCJ. -4 

s OCJ. 31/ .5 / lS'-( 

II OCJ. ·II 

12 OC3. -12 

18 Gel. ·18 

gr03130 0.5.doc 

Analyte(s) (and/or Statk 
Slandard Number ror 

dilutlom) 

ATriMatrix 
"laboratories, Inc. 

Manufacturu ! Exp. 
and IA! Numbenj Dale 

j 

Ampale or Stock 
Standard 

Concmlnlfoa 

page: 34oll0 

lnllial 
Welf}lll 
Volame 

SolYenl Used/ 
I.Git 

Revision Number: 0.5 

Date Revised: 9/19/11 
Date Initiated: 3/31/00 

!Mim:l.O 
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Attachment 21.3 
Calibration Curve for Methane Example 

Revision Number: 0.5 

Date Revised: 9/19/11 
Date Initiated: 3/31/00 

Fit Analysis Output For Method File: "C:\TC4\159\RSK42304.MTH" 
Component Name: "Methane" 
Date: 11/22/04 Time: 10:37 

Curve Parameters: 

Curve 11 : 

gr03130 0.5.doc 

1st Order 
Weighting Factor 
Calibration Curve = 

100 

1. 0 (No Weighting) r2 = 0.999846 
(757.021844) + (447.849633)X 

200 300 400 

Vol Adj Amt 
500 600 



SOP Name: 

SOP Number: 

Sample Name 
FileName 
Method 
Start Time 
Scale Factor 
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Dissolved Methane, Ethane, and Ethane in Water 
by Headspace Equilibrium and Gas Chromatography 
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Attachment 21.4 
Chromatogram Example 

C:\TC4\159\B57 070.RAW 
RSK42304 .MTH -
0. 00 min End Time 3. 00 min 

0. 0 Plot Offset: O mv 

'1.95 

Chromatogram 

Sample I: CCV/LFB 
Date : 11/22/04 10:43 
Time of Injection: 11/3/04 
tow Point : 0.00 mv 
Plot scale: 200.0 mV 

Response [mV] 

Revision Number: 0.5 

Date Revised: 9/19/11 
Date Initiated:· 3/31/00 
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TriMatrix Laboratories, Inc. 

Work Order Analysis 
0706375 RSK-175 

ldNum/Jer Contaill l'rtpartd 

0707324-BLK 1 Jun-29-07.123J 

0707324-DUPI Jun-29-071233 

0707324-BS 1 Jun-29-0712:33 

0706375-01 c Jun-29-07 12:33 

0706375-02 c Jun-29-07 12:33 

0706375-03 c Jun-29-0712:33 

0706375--04 c Jun-29-07 12:33 

0706375-05 c Jun-29-0712:33 

0706375.()6 c Jun-29-0712:33 

0706397-01 c Jun-29--0712:33 

0706397-02 c Jun-29-07 12:33 

0706397-03 c Jun-29-07 12:33 

0706397-04 c Jun-29-07 12:33 

0706397-05 c Jun-29-07 12:33 

0706397-06 c 
0706397-07 c 
0706397-08 c 
0706397-09 c 
0706397-10 c 

gr03130 0.5.doc 

By 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

JLW 

lnitiJJl 
("'L) 

1 

Attachment 21.5 
Preparation Batch Report Example 

PREPARATION BATCH I 0707324 I Pagel of! 

Frnal 
(ml) 

1 

Semivolatiles GC, Water, Direct Injection 
(No Surrogate) 

Batch Comments: (none) 

Work Order Analysis 
0706397 RSK-175 

Ill s,,,..,.,. S.U1<1 ID 

0706397-10 

Revision Number: 0.5 

Date Revised: 9/19/11 
Date Initiated: 3/31/00 

&llYIClion ComTMnts 

1~)~ 
lniuah: 

bch _ T riMaoiupt 
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Attachment 21.6 
Data Review Report Example 

~435 Sequence = 7062967 Page I of! 

~ An111'55 IRISUlt~ !Uolts DllD FR!solt Fliolts BIDL 

LllRL ""' !!!!!!!! ~ -a7a7324-881 RSK-175 17.6 ug/l 17.6 ugA. a.147 
1 10 G:) """" 11 

a7a7324-881 R8K-175 16.47 ug/l 16.5 ug/!. a.167 1 1.a 100 612912007 1'27 

a7a7324-881 RSK-175 9.08 ug/l 9.08 ugil 
00785 "~. ''"'""'" a7a7324-8LK1 R8K-175 ug/l a.oo ugll a.147 1 1 a 612912007 1:34 

a7a7324-BLK1 RSK-175 ug/l a.oo ugll aa785 a5 a50 612912007 1:34 

a7a7324-8LK1 R8K-175 0 ug/l 0.00 ug/l "K), 6129/2007 1:34 

0706375-01 R8K-175 4.13 uglL 4.1 ug/l 0 07 a.50 612912007 1:38 

a706375-a1 R8K-175 0 uglL 
.. ~ ~ to 

6129/2007 1: 38 

0706375-01 R8K-175 ug/l 0.0 ug/l 0. 1 1.0 6129/2007 1:38 

0706375-02 R8K-175 45.88 ugll 46 ug/l 785 a.5 0.50 612912007 1:42 

a706375-02 RSK-175 2.82 ug/l 
2.sN 

t.a 612912007 1:42 

a706375-02 R8K-175 ugll 
1 w 147 

1.0 6129/2007 1:42 

0706375-03 RSK-175 ugll 1 IL 0.147 1.0 612912007 1:45 

0706375-03 R8K-175 t.08 : a~ a.167 1 t.0 612912007 1:45 

0706375-03 R8K-175 5.75 a.0785 a.5 0.50 6129/2007 1:45 

0706375-04 RSK-175 2.22 ~ 1~ o.a785 0.5 a.50 612912007 1:49 

a706375-04 RSK-175 0.0 ugll a.147 1.0 612912007 1:49 

a706375-04 RSK-175 a.94 ugA. 0.167 1 t.a 612912007 1: 49 

0706375-05 R8K-175 IL 1 4.4 ug/l a.0785 0.5 0.50 612912007 1:52 

0706375-05 R8K-175 a.a ugJL a.147 ta 612912007 1: 52 

0706375-05 R8K-175 2.3 ugll a.167 1.0 612912007 1:52 

a706375-06 uglL a.060 ug/l 0.167 1 1.0 612912007 1:56 

0706375-06 ugll 17 ugll 0.0785 a.5 0.50 612912007 1:56 

0706375-06 ug/l o.a ug/L 0.147 1 1.0 612912007 1:56 

ug/l 3.9 ug/L 0.0785 0.5 0.50 612912007 2:37 

ug/l 0.0 ugll 0.147 1.0 612912007 2:37 

1.31 ugll 1.3 ug/L 0.167 1.0 612912007 2:37 

0 ug/L 0.00 ug/l 0.147 1 1.0 612912007 2:40 

1.29 ug/l 1.29 ug/l 0.167 1 1.0 2 612912007 2:40 

3.93 ugll 3.93 ug/l 0.0785 0.5 0.50 0.3 612912007 2:40 

gr03130 0.5.doc 
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Attachment 21. 7 
Instrument Run Logbook Example 

I+ TriMatrix 
Laboratories. Inc. 

Date Revised: 9/19/11 
Date Initiated: 3/31/00 

_ _jl 
~ 

lnstnuneat ID: Varian 3400 #159 Date: O//';{/ Ol/ Seqoenc:e #: e6h Date Archived, Disk ID Ii - ~ 

lmtrument SealnpllnJectlo Volume Breakdown Quanlitation Information ~-- Items 

r.obunn 1'Ylle: 08624 / .P(riPlij CuneDate: GC Proeraml Prognm2 ~ Column lh: 
lnWtlnn Volume: I al/ i'UL/ z6ii ulJ Cune TVIW! RfnKdon or Anl'll!I! CF lalllal: 1..j.-=f - -- .... ,.,_ 1fN~ - : VI'S N 

~ Pns.mre: 20 Dsi Bv: Curve Rold: ~m;fl - l Netinlell'tlnnPort~ vesiN'oi 
:1n1HtnrT : 250°C F'mal: - - ' J.fW1h: Yt'S{N;) 

n.u..tnr Tem,,..ralure: 280" C Rate: - " NewSvriMe: Yt'SfNo) 
1Proeran Name: Rold: - ...... ~ - I 

Analyst Run ID File ID 
Injection 

Method Client Matril ~ ~/CCV Sample Notes, Standard Numben, 
irme Check (85·11S) Analytital Batch Information, etc. ... 

l1fAf11 l:tnsf- PJIK I /1./:/5 RSJ:l/Z'?i.J4 .... tJ1' .7 PAc:.c:. 
;>cvl1Fl?J /L{(q .......... ~ ~c~ '"' 

l IPA~ S-2132. 

IMPPJ 3 jt.f:t1J ~ 1 1iirlr 
;~Ul/8q 4 14:zb 

_.._ .... ~ 

.1111 I~'}~ 

"U:1/~q 5 1~:4t- l.i~ ~ - zox 
>~Cf l~O b 1~:ct·' ' ~ 

1 'iln'1 I ct I 1 .w.;__q. \ "1111 ... 

?ftfitct'7 ~ ~ -
i.¥11q2 (~ 'I~ ~.~ !Ov 

3'6t/q3 j ---~~ ~ :!)l 
,~t.-f!tC,4'.. ~ .... J I IC):IO - ·-
~·~- i~ - i2 & l l..LJ" 

rr1qf'6/C14 'J +ei(Jj,<n c,/81C£{ ., ;rr, 

~" 13 15:z.o {~t P!ISS S-Zl32 

' ~ lqduc IL/ IC.: 7;, Mtr1f wff Jnt.. 
'I ?r.'1 

I 

1..;;~q /C) II ,C.::-71.~2. 

file 159.JWNbJILS page: 11 arroo 

gr03130 0.5.doc 
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Attachment 21.8 
Method Detection Limit Study Example 

RSK·l75 l/28/200I 0.500 

RSK· 175 112812001 OjOO 

SEMJ.voumE UBORATORY 
U.'STRUMENT NUMBER 1591004 WATER 

METHOD DETECTION LOOT STUDY 

0.470 Qj60 0.510 

RSK-175 1128/2004 OjOO uwt. 0.500 0.590 0.540 

Revision Number: 0.5 

Date Revised: 9/19/11 
Date Initiated: 3/31/00 

110% 0.0449 ;0.141 

reviiicm: 2004.02 



STANDARD OPERATING PROCEDURE 

Volatile Organic Compounds by Purge and Trap Capillary \ 
Column Gas Chromatography/Mass Spectromet~ ~ 

EPA Method 624 0 
SW-846 Method 82608 0 

Procedure Number: GR-04-104 
Revision Number: 4. 7 

By: Diane L. VanMale 

Total Number of Pages: 43 
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Date: /-/ l-12-• 

Date: /~(r.?> --:c#tr-
' 

Date Revised: 1/12/12 
Pages Revised: All 
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SOP Name: Volatile Organic Compounds by Purge and Trap Capillary 
Column Gas Chromatography/Mass Spectrometry 
SW-846 Method 82608, EPA Method 624 

Revision Number: 4. 7 
Date Revised: 1/12/12 

SOP Number: GR-04-104 page 2 of 43 Date Initiated: 9/1/95 

1.0 SCOPE; AND APPLICATION 

1.1 

1.2 

1.3 

2.0 

2.1 

2.2 

2.3 

3.0 

3.1 

3.2 

This procedure uses gas chromatography/mass spectrometry (GC/MS) for determining volatile 
organic compounds in a variety of matrices. It can be used to quantify most volatil organic 
compounds having a boiling point below 200° C. Volatile water-soluble compounds ha higher 
quantitation limits due to poor purging efficiencies. Such compounds include lecular 
weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, ac~ eth and 
sulfides. 

Nearly all matrices, including ground water, wastewater, aqueous slud~ca t1 liquors, acid 

cakes, spent carbons, spent catalysts, soils, and sediments c e ed. Sample is 
liquors, waste solv.ents, oily wastes, mousses, tars, fibrous waste~, o eric mulsions, filter 

introduced into the system using a purge and trap concentrator. . 

For analysis of nonaqueous matrices, refer to Tri.Matrix S~-10 . 

PRINCIPLE METHOD REFERENCES / ~ v 
Test Methods for Evaluating Solid Waste, Phys~· llC.;~ethods, SW-846, 3rd Edition, Final 
Update Ill, Method 82608, "Volatile Organic o unds by Gas Chromatography/Mass 
Spectrometry", Revision 2, December 199'-. ~ 

40 Code of Federal Regulations, rrA,V.dition, Part 136, Appendix A, Method 624-
Purgeables, latest revision ~ v 
Test Methods for Evalua'.'."JI~. Physical/Chemical Methods, SW-846, 3rd Edition, Final 
Update II, Method 5030B~~~T;ap for Aqueous Samples", Revision 2, December, 1996 

SUMMARY OF PR~E 
When using ps~chnique, an inert gas is purged through a sample, at an ambient or 
slightly elevat tern rature. Volatile components are transferred from the aqueous to vapor 
phase.~ l: · ept onto a sorbent column, where volatiles are trapped. 

After u · g, e sorbent column is heated and back flushed with inert gas to desorb onto a 
c illa c n. The capillary column is temperature programmed to separate and elute 
c , which are then transferred to a mass spectrometer, via a direct connection, using an 

lit interface or a capillary-direct interface with a split at the injection port. · 

3.3 ponent analytes are detected by the mass spectrometer which is capable of qualitative and 
ntitative analysis. Identification is done by comparing analyte mass spectra against 

calibration standard spectra. Quantitation is performed by comparing analyte ion response (using 
an internal standard) to a minimum five-point calibration. 

4.0 PARAMETER OR COMPOUND LIST 

4.1 Compounds available for analysis and referenced to method 82608 or method 624 are listed in 
Attachment 23.1 (Table 1) and Attachment 23.2 (Table 1 A). 

gr04104 4.7.doc 
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4.2 Other analytes may be determined providing an acceptable demonstration of capability is 
performed following every step in the procedure. Additionally, all described quality control must 
be within laboratory established control limits. 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

6.0 

6.1 

6.2 

REFERENCED SOPs ~ 
TriMatrix SOP GR-04~105, Closed System Purge and Trap Extraction for Vola~anics in Soil 
and Waste Samples, latest revision r-\. ~ 
TriMatrix SOP GR-03-124, Volatile Laboratory Corrective Actions, late t r~ 

TriMatrix SOP GR-15-102, Waste Disposal, latest revision 

TriMatrix SOP GR-10-115, Manual Integration, lates~" 

Tri Matrix SOP GR-10-123, Element ... Data Transfer a~, latest revision 

TriMatrix SOP GR-10-125, Method Detection Li~, latest revision 

INTERFERENCES AND CORRECTnA:~RES 
Whether purged or injected dir~n\....limn, interferences naturally present in samples can 
elevate reporting limits ang:i er: · the analysis. Naturally occurring interferences can vary 
considerably from site to si . 

Sample contamination als aise reporting limits or give false positives. Contamination can 
come from a variet o es. Improper sampling techniques can contaminate at the job site. 
During shipmen age, volatile organics (particularly methylene chloride and 
fluorocarbons) n through septa. A trip blank prepared from reagent water and carried 
through samp g an handling serves as a check on such contamination. All volatile sample 
storage tain a storage blank, which must be replaced and analyzed weekly. The 
storage ank i analyzed for an extensive list of volatile analytes. A TIC scan is also performed. 
If po · ·v es are observed for any target analyte above the laboratory's minimum reporting 
Ii it a a es stored concurrently in the CTU must be evaluated for possible contamination. 

results within 5 times the level quantitated in the storage blank must be qualified as 
ed. 

6.3 g analysis, contamination can come from impurities in the purge gas or from organic 
pounds outgassing from the plumbing ahead of the trap, if deposited by a previously 

analyzed high-level sample. To minimize, the non PTFE tubing, non PTFE thread sealants, and 
flow controllers with rubber components in the purging device, have been eliminated where 
possible. 

6.4 Carryover can occur whenever high and low level samples are analyzed sequentially. To reduce 
carryover, the autosampler rinses the purging device and sample syringe with reagent water 
between samples. Samples with unusually high concentrations must be followed by analysis of a 
reagent water blank to check for carryover. If compounds present in high concentrations are 
present at any level in a subsequent sample, demonstrate that there is no carryover by 

gr04104 4.7.doc 
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6.5 

reanalyzing the sample. If compounds are not present in the subsequent sample, reanalysis is 
not necessary. 

6.6 For samples containing large amounts of water-soluble material, suspe 
compounds, or high organohalide levels, it may be necessary to was • ......,, ... _, 

6.7 

6.8 

7.0 

7.1 

7.2 

7.3 

7.4 

detergent solution, rinse with reagentwater then dry in a 105° C ov betw 

Methanol content in blanks, standards, and samples must be kept nt. Varying methanol 
can suppress analyte signal response, and can alter certa~. 

Note: The maximum methanol volume purge~,¥ore than 100 J.ll. 

Corrective actions for unacceptable quality contrvol an~ in TriMatrix SOP GR-03-124. 

SAFETY PRECAUTIONS '-. ; 

Wear a laboratory coat and approve safe~X'es while in the laboratory (safety glasses are 
required when entering data into mpu r}. In addition, disposable gloves must be worn 
whenever samples or reagents 

Follow all instructions ou~ ~ TriMatrix Laboratory Safety Manual and Chemical Hygiene 

Plan. ·~" 
For laboratory wast · refer to TriMatrix SOP GR-15-102. 

The total taxi~ carcinogenicity of reagents used in this procedure have not been 
precisely definV 

7.4.1 fr:a~ll chemicals as a potential health hazard. 

. 7 ~'Yuce exposure to the lowest possible level by adherence to established safety 
~licies. .· 

Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

7.5 Waste samples can be highly toxic and varied. Treat any exposure as a potential danger and 
immediately decontaminate the exposure. Clean waste-contaminated personal protective 
equipment before using again. 

7.6 Bring all safety issues to the attention of the Area Supervisor and/or Health and Safety Officer. 

8.0 SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDURES 

gr04104 4.7.doc 
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8.1 To achieve reporting limits, a minimum of 40 ml aqueous· sample {in duplicate) needs to be 
collected. More sample volume will be necessary if matrix spikes are required. Collect soil, 
sludge and solid waste samples as specified by TriMatrix SOP GR-04-105. 

8.1.1 Collect all aqueous samples and liquid waste in 40 ml borosilicate gl~ i'"""P 
VOA vials with PTFE-lined silicone septa. All sample collection vial "ded by 
TriMatrix contain acid preservative. Gently fill sample vials suc~a m iscus 
develops at the top rim of the vial {fill to almost overflowing). To mi i nalyte loss, 
no air bubbles must pass through a sample as a vial is fille~ apped in the 
sample when the vial is sealed. Invert each filled and ca ed I confirm no 
headspace or bubbles. are present. If there is headspace or bble larger than 5-6 
mm in diameter, fill a new vial. r ~ . 
8.1.1.1 If vials were not supplied by TriMatrix and ar~e-preserved, fill to just 

overflowing, then adjust to a pH <~refully adding two drops of 1 :1 

8.1.1.2 

8.1.1.3 

8.1.1.4 

HCI to each vial. Seal the filled via ith epta screw-cap lid {PTFE face 
must be down), then cool to O~. 

If a sample contains residual c in ollect first in a 125 ml bottle, pre-
preserved with 4 drops o 0% so thiosulfate solution. Gently swirl the 
capped bottle to mix. Pro ed ith Section 8.1.1, then Sections. 8.1.1.3 
and 8.1.1.4 if applic~ . ~ · 

If analysis incl~s ~Vand/or acrylonitrile, and a project specifies it, 
collect addif n sam in vials that do not contain preservative. Adjust to 
a pH of 4 w . I, then cool to 0 - 6° C. · 

An~1s o unpreserved or insufficiently preserved samples {where a· 
s p as a igh buffering capacity), which reference method 82608, will 
n e c ducted except by specific client or project request. In such 

•liiliYl!~analysis will be conducted within 7 days, instead of 14. 

This is an uncommon exception to the 14-day holding time, 
handled on a case by case basis. 

Preferably, Method 624 samples may be collected with preservative as 
described above. Or, they may be collected with no preservative. In either 
case, samples must be cooled to 0 - 6° C. 

8.1.1.5.1 If collected without preservative, and acrolein is an analyte, 
sample analysis must be completed within 3 days. 
Acrylonitrile has a hold time of 14 days whether preserved or 
not. Regardless of preservation, acrolein and/or acrylonitrile 
results must be qualified as screening data only under method 
624. 

8.1.1.5.2 Samples collected for purgeable aromatic hydrocarbons 
analysis can be collected without a chemical preservative. 
However, the. analysis must be completed within 7 days of 
sample collection. 
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8.2 

9.0 

9.1 

8.1.2 

8.1.3 

8.1.1 .5.3 Samples collected for purgeable chlorinated hydrocarbons · 
analysis onlv can be collected without a chemical preservative. 
Analysis must be completed within 14 days of sample 
.collection. ~ 

At least one trip blank must accompany each aqueous sample set coll om the 
same general site at approximately the same time, to the site and ba~ trip nk is 
a pre-preserved 40 ml VOA vial filled at the laboratory with reagent t sealed, and 
shipped to the sampling site with empty sample containers. G 
For trip blanks associated with soil, sludge and waste coolec io refer TriMatrix SOP 
GR-04-105 

Aqueous samples and soil samples to be prepared following TriMa GR-04-105 must be 
chilled to 0 - 6° C on the day of collection, and maintain~t temperature until received by 
the laboratory. Samples not received by the laborat on e day of collection, must be 
packaged for shipment with sufficient ice to ensure a tr. sit ature of 0 - 6° C. 

8.2.1 Once received, TriMatrix must store sample t ° C until analysis. Aqueous, solid, 
and waste samples are stored separ~. El storage area must be free of organic 
solvent vapors. V 
With certain exceptions (n~ .. ; s 8.1.1.4 and 8.1.1.5), all samples must be 
analyzed within 14 days of .o~alified as estimated. 

8.2.2 

INSTRUMENTATION, APP MATERIALS 

9.1.1 

9.1.2 Mier~ 0 µL, 25 µL, 50 µ. l, 100 µl, 1000 µl) 

9.1.3 rs~ lock syringes, 5.0 ml . 

9~~25 ml wide mouth glass jars with PTFE-lined caps 

... . "~orosilicate glass vials With PTFE-lined septum caps, 20 ml and 40 ml 

~ Various size PTFE-lined screw cap vials 

9.1. 7 Mini-inert vials, 1.0 ml for standards preparation and storage 

9.1.8 Refrigerator, capable of maintaining 0 - 6° C 

9.1.9 pH test strips 

9.1.10 Metal spatulas 

9.1.11 Analytical balance capable of reading to 0.0001 g 
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9.2 

9.1.12 Top-loading balance capable of reading to 0.01 g 

9.1.13 Pasteur pipettes (disposable) with rubber pipette bulb 

Purge and trap/gas chromatograph/mass spectrometer system: . \ 

9.2.1 Concentrators ~~ 
9.2.1 .1 Encon/Encon Evolution (Environmental Sample Ta concentrator 

conditions used: 

9.2.2 

9.2.3 

Trap: EST Vocarb 3000 G 
Purge: 11 minutes at 38-42 ml/minute 
Dry purge: 1 minute 
Desorb preheat: 245° C fV 
Desorb: 250° C for 2.0 minutes . 
Bake: 10 minutes at 260° C ~ · 
Valve oven: 150° C 
Transfer line: 150° C 

Autosamplers: V 
9.2.2.1 Centurion (E:en· ~•-1 ~ample Technology) for water samples, 

Methanol pres ed ~~es, and low-level soil samples. 

Gas Chromatograph~ 
9.2.3.1 He~~ ard Model 7890 . equipped with electronic pressure control 

(E~J~li plitless injection port and a capillary direct interface. 

ons used: . 
temperature: 200° C a r line temperature: 280° C 

PC. setting: Constant flow mode at 0. 7 ml/minute 

CJ 
plit ratio: 50:1 

Column temperature program:45° C for 1 O minutes, then to 73° C at 7° 
C/minute, then to 110° C at 10°, then to 220° at 20° C/minute, hold 2.25 
minutes. 

.... ~ .2.3.2 Hewlett Packard Model 6890 equipped with electronic pressure control 
~ (EPC), a spliUsplitless injection port and a capillary direct interface. 

9.2.4 Columns: 

Conditions used: 
Injector temperature: 200° C 
Transfer line temperature: 280° C 
EPC setting: Constant flow mode at 0.7 ml/minute 
Split ratio: 50:1 
Column temperature program: 45° C for 3 minutes, then to 200° C at 15° 
C/minute, hold for 1 minute 
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9.2.5 

9.2.6 

9.2.4.1 20 m x 0.18 mm ID, 1.0 um film thickness, narrow bore capillary column 
DB-624 (J&W Scientific). Used in HP 6890 Series II with capillary direct 
interface (Section 9.2.3.3). 

Mass Spectrometer (Hewlett Packard 5975C or 5973 MSD) capable of scan ·ng from 
at least 35-650 amu every 2 seconds or less, using 70 volts (nominal) e energy 
in the electron impact mode, and prod.ucing a mass spectrum that~ll c ria in 
Attachment 23.3 (Table 2), BFB Key Ion Abundance Criteria, 0 ng of 4-
bromofluorobenzene (BFB) are purged or injected onto the ana~ mn. 

GC/MS operating conditions: v 
9.2.5.1 Electron energy: 70 volts (norninalG 

9.2.5.2 Mass range: 35-300 amu A 
9.2.5.3 Scan time: 1.5 scans/secony ~ v 
9.2.5.4 Source temperature: 230° C v 
Data Acquisition: V 
9.2.6.1 The HP MSD ~~·isi•~ system is a DOS-based HP Chemstation 

equipped with viro~~·~ironmental data analysis software. It is also 

library. . 
capable~f lo g El Ps and has a 120,000 compound NIST spectral 

R~~. o.-~ t quipment List located on the laboratory intranet library for a 
ful~e~io of minimum and current instrument specifications., 

9.2.6.3 ~the Information Technology (IT) department's Computer Inventory 

9.2.6.2 

Q 
e for minimum and current computer and software specifications 
ed with the analytical instrument. 

10.0 ROUTI~~ . VE MAINTENANCE 

10.1 ~\.Jeter Maintenance 

.... X~ass Selective Detector (MSD) Maintenance Schedule: 

~ 10.1.1.1 Drain and replace rough pump oil every 6 months 

10.1.1.2 Check diffusion pump oil annually and change if discolored or low 

10.1.1.3 Clean ion source at least annually (may be needed more frequently as 
shown by detector performance) 

10.1.1.4 Replace electron multiplier as needed (maximum voltage 3000) 

10.1.1.5 Check calibration gas and refill as necessary 

10.2 Purge and Trap Maintenance Schedule: 
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11.0 

11.1 

11.2 

11.3 

11.4 

11.5 

12.0 

12.1 

10.2.1 Before initial use, new traps must be conditioned for one hour at 260C. 

10.2.2 Check and record the purge flow weekly _ \ 

10.2.3 Empty waste bottles and fill rinse bottles daily ~ 

10.2.4 Check and record the concentrator pressures weekly n 
10.2.5 Check and if necessary fill internal/surrogate standard module~~ 
10.2.6 Clean the sparge tube as necessary. v V . 
CHEMICALS AND REAGENTS A 
Reagent water (organic free) ASTM Type II / # v 
Methanol (purge and trap grade) v 
Certified stock standard materials (96% pure or ~r certified stock solutions 

1 :1 Hydrochloric acid by volume A, V 
Sodium bisulfate, NaHS04 , ACS reag~ or equivalent 

STANDARDS PREPARA~ ~ 
All labor~Jory standar ~u~ recorded in the laboratory information management system 
(Element ). lnfor · eluding the vendor, lot number, concentration, purity must be 
recorded. Each iven a unique ID number. All vendors and standard concentrations 
provided belo endations, and are subject to change. 

12.2 Hold Tim~ Requirements 

1~.2. no ned ampoules of purchased standard solutions and neat materials used in stock 
ards preparation, may be kept for up to 12 months from the date received or as 

·rected by the manufacturer. 

..... ~.2 Due to evaporative loss and reactivity, laboratory prepared stock, and nongaseous 'V intermediate stock standards are given an expiration date of six months. An 
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intermediate stock gas standard typically requires weekly replacement. Within 
expiration dates, all standards must not be kept past acceptable performance. 

12.2.2.1 Continuing calibration standards must meet the calculated percent 
difference or drift criteria of Section 14. 7 to be acceptable. This 
requirement applies to all analytes, both gaseous and non-gaseous. Once 
this criterion has been exceeded, the intermediate stock and/or the stock 
must be replaced unless exceedance is due to instrument performance 
degradation. 
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12.2.2.2 

12.2.2.3 

Dichlorodifluoromethane or chloromethane will generally be the first of the 
gaseous compounds to fail. 

Because 2-chloroethylvinyl ether is reactive, it will typically : at:g the 
first of the nongaseous compounds to fail. 

12.2.3 Store all prepared standards with minimal headspace, protected fromi in m ·-inert 
vials at or below -10° C. Purchased standards are stored as s cted by the 
manufacturer. Standards must be stored separately from Sampo 

12~3 Stock Standard Preparation . 

12.3.1 Stock standards are prepared from neat materials or ce.C s~utions: All purchased 
solutions must be accompanied by a Certificate of An~l~wo separate standard 
sources must be obtained. This applies to urchased standards and neat 
compounds. One set will be used to prepar alibr ·on, laboratory fortified blanks 
(blank spikes) and matrix spikes, and the he ill e used for laboratory control 
samples secondary calibration verification . T ust be prepared from dissimilar 
or entirely separate sources. It is permissi o chase different lots from the same 
vendor. However, a dissimilar lot me s prep ion from dissimilar chemical lots. Not 
prepared twice from the same lot. It n ecessary to purchase/prepare Internal 
Standard/Surrogate mixes from ~rate] rces. 

12.3.2 When preparing stock sta ard~Vneat material, the mass weighed out may be 
used without mathe~mti I rrecr n when the compound has a purity greater than or 
equal to 96%. Prepar k ard solutions in methanol. 

12.3.3 Gravimetric Me~ "C; 
12.3.3.1 f!· l.o.~g/l stock solution: 0.5 g of each. solid analyte (neat) is 

rred to a 50 ml volumetric flask partially filled with methanol which 
as en tared on an analytical balance. Record mass to the nearest a 01 g, make sure the solid is dissolved then fill to the mark with 
ethanol. Cap and invert three times to ensure. proper mixing. Discard . Q e contents in the flask's neck and transfer the remaining solution to a 

PTFE-capped vial. 

1~ ased Commercial Stock Standards: · .... ,v 2.3.4, 1 The following standards are combined to make Stock Standard I. 

V • Mix A: Volatile Organic Compounds - Liquids at 2.0 mg/ml in Methanol 

• Mix B: Volatile Organic Compounds - Gases at 2.0 mg/ml in Methanol 

• Mix C: Acrolein & Acrylonitrile at 2.0 mg/ml in Methanol 

• Mix D: Ketone Mix at 2.0 mg/ml in Methanol 

• Mix E: Custom Additions to Method 82608 at 2.0 mg/ml in Methanol 

• Mix F: Dichlorofluoromethane at 1.0 mg/ml in Methanol 
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• Mix G: Internal Standard and Surrogate Standard Mix at 5.0 mg/ml in 
Methanol. 

• Mix H: BFB Standard Mix at 2.0 mg/ml in Methanol. \ 

12.3.4.2 The following standards are combined to make Stock St~.~ 
• Mix A: Appendix IX Standard at 2.5 mg/mL in M"I"""\ ~ 

• Ethyl Methacrylate at 1 .o mg/ml in Methan°r y 
• lsopropanol at 1.0 mg/ml in Methanol. v 
• 2-Chloro-1,3-butadiene (chloropr~O mg/ml in Methanol. 

• N-butyl acetate at 2.0 mg/m~r.;¥ 
• Methyl Methacrylate at~ m~ethanol. . 

12.4 Intermediate Stock Standards '-. y 
12.4.1 82608 Intermediate Stock sA_V 

12.4.1.1 This solu · i~ed in a 1.0 ml mini-inert vial. Add 650 µl of 
methan to mini-inert vial. From the mixes specified in Section 
12~3. , the following volumes to produce 1.0 ml of a 100 mg/l 
int iate ock standard: 

es A, B, C, D, and E 
MixF 

12.4.2 App~ ediate Stock Standard II 

YThis standard is also prepared in a 1.0 ml mini-inert vial. Add 610 µl of 

12.5 Working Standards 

methanol to the mini-inert vial. From the mixes specified in Section 
12.3.4.2 add the following quantities to produce 1.0 ml of a 100 mg/l 

:•:ed~~:· :rock standard 

50 µl 2-Chloro-1,3-butadiene 
100 µl lsopropanol 
100 µl Ethyl methacrylate 
50 µl Methyl methacrylate 
50 µl N-Butyl acetate 

12.5.1 Internal Standard/Surrogate Intermediate Stock Standard Ill 

12.5.1.1 
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This standard is prepared at a concentration of 200 mg/L. Fill a 25 ml 
volumetric flask approximately three-quarters full with methanol. Add 1 .0 
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. . 

ml of mix G specified in Section 12.3.4.1 and dilute to volume with 
methanol. Cap and invert three times to ensure proper mixing. Discard 
the contents in the flask's neck, and transfer the remaining contents to a 
PTFE-capped vial. The purge and trap auto sampler a. dds :"\ndard 
automatically to samples during the purge cycle. 

12.5.2 BFB Intermediate Stock Standard IV ~ 

12.5.2.1 This standard is prepared in a 1.0 ml mini-ine~rt d 990 µL of 
methanol to the mini-inert vial. Add 10 µL of mi sp i d in Section 
12.3.4.1 to produce 1.0 ml of a 20 mg/L intermedi sto standard. This 
standard is used for performing BFB tunes. r ~ 

12.5.3 Initial calibration and calibration verification standards ar~ed by spiking different 
volumes of intermediate stock standard into a 50 lumetric flask. These standards 
are prepared as needed and not stored. Calibr: on v "fication standards are typically 
prepared at 40 ug/L for all except Appendix c o ds, which are prepared at 100 
ug/L. Default spike volumes used in pr ari nitial and continuing calibration 
verification standards are discussed in o 4. Stock volumes necessary to 
prepare other concentrations can be ~ulate! ing the following formula: · 

vs=cr~svr Q~V 
where: 
Vs =Volume of sto st o inject (µL) 

Vt = Final vol f w ·ng standards (ml) 
Ct = Final con~e a o rking standard (ug/L) 

Cs = Co~ne tio stock standard (ug/ml) 

12.6 Matrix Spike Standa 

12.6.1 Mat spi re prepared using the formula given in Section 12.5.3. Matrix spike 
ds ust be prepared at concentrations near the midpoint of the calibration, 

typic e same concentration as the continuing calibration standard. Other 
cone trations may be specified for certain projects. 

1 he following analytes are default matrix spike compounds: 1, 1-dichloroethene, 
ichloroethene, chlorobenzene, toluene and benzene. Additional analytes are reported 

1f requested by clients. 

12.6.2.1 Samples that must meet data quality objectives of the State of Wisconsin 
must be spiked with all target analytes. 

12.6.2.2 Samples the must meet data quality objectives of the Department of 
Defense must be spiked with all target analytes. 

12. 7 Laboratory Fortified Blank/Blank Spike (LFB/BS) Standards 

12.7.1 
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blank spikes. An LFB/BS is prepared using the calculation given in Section 12.5.3. 
LFB/BSs are prepared at the same concentration as the matrix spike. 
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13.0 

13.1 

13.2 

14.0 

14.1 

12.7.2 The same analytes used in matrix spikes are used for the lFB/BS. Additional analytes 
are reported if requested by the client. The same analyte list must be reported for 
matrix spikes and the lFB/BS. ~ 

12. 7.2.1 Samples that must meet data quality objectives of the Stat consin 
must be spiked with all target analytes. ~ 

12.7.2.2 Samples the must meet data quality objectives~ apartment of 
Defense must be spiked with all target analytes. v 

SAMPLE PREPARATION . c; 
Soils are prepared in accordance with TriMatrix SOP ~105 with reference to SW-846 
method 5035. 

Waters are prepared and analyzed using the Centur~~~ ler 

13.2.1 Samples analyzed on this autosam~ r~ preparation. The 40 ml vial· is 
loaded directly into the autosampler. V 

13.2.2 If a dilution is required, the s ~u~•~e diluted into the appropriate size volumetric 
flask and an aliquot transf red Ill~ ml VOA vial for analysis. An ideal dilution 

13.2.3 

results in an analyte conce ation the upper half of the calibration range. 

~-• five ml aliquot from the 40 ml vial, and adds the 
s and surrogates before transferring to the sparge vessel. 

Note: SODIUM BISULFATE ADDITION DEGRADES 2-CHLOROETHYL VINYL 
ETHER IN STANDARDS AND SAMPLES. TRIMATRIX 
LABORATORIES HAS DEMONSTRATED THAT ACCEPTABLE 
RESULTS FOR THIS COMPOUND ARE NOT ACHIEVED WITH THIS 
TECHNIQUE. 
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14.2 Calculate Response Factors (RF) for each compound using the quantitation and internal standard 
ions listed in Attachments 23.6 or 23.7. Calculate RF using the following formula: 

:.~.~::~: ~~ 
Ax = Area of the characteristic ion for the target compound . 
A;5 = Area of the characteristic ion for the specific internal standard 0 
Cx = Concentration of the compound being measured 
C;5 = Concentration of the specific internal standard . 

14.2.1 For compounds not listed in Attachments 23.6 or 23. , · ho a major ion that is 

an internal standard with a retention time closes th ompound being measured. 

14.2.2 Calculate average response factors as foll~~"'-
RFavg = (RF1 + RF2 + RF3 + ..... RFn)/n v 
~~~:9e: = Average calibration~e ~~ 
RF1 = Calibration respon a ~¥andard 1 
RF2 = Calibration respon fact for standard 2 
RF3 = Calibration re s for standard 3 
RFn =Calibration sp factor for standard n 
N =numb& atio ~anda~s 

14.3 The average RF for.al alibr · n points must be calculated for each compound. Five System 
Performance Check Com nd (SPCCs) must be checked against a minimum average RF limit. 

14.3.1 

0.10 
0.10 
0.10 
0.30 
0.30 

An SPCC monitors compound instability and degradation caused by contaminated lines 
or active sites in the system. Examples of such occurrences are: 

14.3.3 Chloromethane is the most likely compound to be lost if the purge flow is too fast. 

14.3.4 · Bromoform is one of the compounds most likely to be purged very poorly if the purge 
flow is too slow. Cold spots and/or active sites in the transfer lines may adversely 
affect response. Response of the quantitation ion (m/z 173) is directly affected by the 
tuning of BFB at ions m/z 17 4/176. Increasing the m/z 17 4/176 ratio may improve 
bromoform response. 
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14.4 

14.5 

14.3.5 Tetrachloroethane and 1, 1-dichloroethane are degraded by contaminated purge-and
trap transfer lines and/or active sites in trapping materials. 

14.3.6 All non-SPCC compounds must adhere to the following minimum averag:: ~: 
14.3.6.1 The average RF of Alcohols, 1,4-Dioxane, and Epichlorohy t be at 

least 0.001 to be acceptable. n 
14.3.6.2 The average'RF of all other compounds must be O.g~er. 

Always check for carryover and memory effects (ghosting) from high o entr n standards or 
samples when analyzing for late eluting compounds. Adequate pur a insing minimizes 
such effects. Newer purge-and-trap systems address this proble ith a akeout step following 
trap desorb and newer traps retain less moisture. However, high trations can still affect 
subsequent runs. ~ 

Calculate Percent Relative Standard Deviation ( 0~~~ al ompounds. Using the initial 
calibration average RF, calculate percent RSD usin v formula: 

~::::tRSD=s~xtOO Q~ 
RSD = Relative standard devia~io 
SD = Standard deviation of a ag R a compound. 
X = Mean of the five in~'tia ctors for a compound. 

14.5.1 All compoun m have a percent RSD of s15%. Six compounds are used as 
Calibration ck ompounds (CCCs): 1, 1-dichloroethene, chloroform, 1,2-
dichlorop uene, ethyl benzene, vinyl chloride. These compounds must have 

ml!lll! ... Ktmu of s30%. If percent RSD is greater than 30 percent for any CCC, 
must be initiated and the entire system recalibrated. 

If percent RSD of a compound is 15% or less, the calibration is assumed to 
be linear and an average response factor may be used for quantitation. 

If percent RSD of any compound is greater than 15%, then a regression 
curve of area ratio (Area analyte/Area IS) against concentration must be 
constructed, using first or higher order regression fit. Analysts must select 
a regression algorithm providing the best fit. 

14.5.1 .2.1 Generally this will be a first order linear regression using the 
following equation: 

Ci= Ai-b)/m 

Where: 
Ci = Concentration in ug/ml 
Ai =Area ratio (Aana1ytelA1s ) 
b = Intercept of the regression curve 
m = Slope of the regression curve 
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= Compound "i" 

14.5.1.2.2 Second order regression must only be used for analytes with a 
definite quadratic response, as results produce by this 
algorithm may give erroneous ·results at concentrat ns near 

· the reporting limit. A minimum of six calibrati ts are 
required to use second order calibrati~es. The 
Enviroquant data processing software perf s I regression 
functions, and uses coefficient of deteer· ) to measure 
calibration validity. To be considered. a. cc t e calibration 
curve, r2 must be 0.990 or higher. 

14.5.1.3 If initial calibration criteria are not achieved .c a~calibration points run, 
the lowest or highest point on the curve may~ped, provided enough 
points remain for the calibration mod~n. · 

14.5.1.3.1 A minimum of six~· ra . p ts are required to use second 
.order regression date points are needed for first 
order. 

14.5.1.3.2 The lowest c~atin: point must be at the analyte reporting 
limit. . Tw can not be dropped without elevating 

14.5.1.3.3 ::~:·highest point shortens the calibration range, ~lead to a greater number of sample dilutions. 

14.6 Initial calibration verificat~~~~ performed immediately after the initial calibration by running 
a second-source calibrat~1 ~ca n (SCV) standard at 40 ug/L. 

14.6.1 The SCV ~un after each initial calibration. 

14.6.2 TheQ~de all targeted analytes. 

14.6.3 fJ criteria for all analytes are ±25% of expected value™unless otherwise 
spec· e in the laboratory information management system (Element ). 

1~ SCV analyte fails, locate and correct the problem (up to and including remaking 
~e SCV solution) then repeat the SCV analysis successfully. 

.. ~.5 If the second SCV. attempt fails, review the initial calibration solutions and remake or V obtain a new calibration stock then repeat the SCV successfully. 

14.6,5 Sample analysis may not begin until an acceptable initial calibration and SCV have 
been run successfully. 

14.7 Every 12 hours a 40 ug/L continuing calibration verification (CCV) containing each compound 
quantified must be run after the BFB (Section 15.3). If an initial calibration has just been run, then 
the 40 ug/L standard from the calibration can be used. Analysis of the CCV verifies instrument 
sensitivity and confirms acceptability of the initial calibration curve. A CCV is verified the same as 
an initial calibration, by checking SPCCs and CCCs. The CCV must be analyzed and quantified 
against a regression fit or average RF under conditions identical to the initial calibration. 

gr04104 4.7.doc 



SOP Name: Volatile Organic Compounds by Purge and Trap Capillary 
Column Gas Chromatography/Mass Spectrometry 
SW-846 Method 82608, EPA Method 624 

Revision Number: 4. 7 
Date Revised: 1/12/12 

SOP Number: GR-04-104 page 17 of 43 Date Initiated: 9/1/95 

14.7.1 System Performance Check Compounds (SPCC): This is the same check applied 
during initial calibration .. SPCC compound response factors must be as listed in 
Section 14.3.1 (Section 14.2 for calculating response factors) In addition, non-SPCC 
compounds must meet the initial calibration criteria (Section 14.3.6) If 
response factors are not met, the system must be evaluated and correcti 
taken before sample analysis begins. Possible problems includ91-.lla 

analytical column and active sites in the column or chromatographic t . 
degradation, injection port contamination and/or buildup in the firs~che 

14.7.2 Calibration Check Compounds (CCCs): After SPCCs are (Jj· are used to 
check initial calibration validity. Calculate percent drift our t. difti ence using the 
following equations: 

Percent Drift =[(Cc - C1)/C1]*100 

~~e~e~CC concentration fQr\ 
C, =Measured con~ntration using sele _,~For regression. 

Percent Difference - [(RFccc - RFavg~avg]~ 

where: . ~v 
RFccc = Response Factor m ing Calibration 
RFavg = Average Responf5. o Initial Calibration 

14.7.3 If CCC percent dr~· i e does not exceed ±20%, the initial calibration 
continues to be va · I tance is not met, then corre.ctive action must be taken. 
An acceptable C ST be run before sample analysis can begin. If CCC 
compounds ar arg analytes, then all target analytes must be used to meet the 

±20%con~ 
14.7.4 For~o -C c ounds in the CCV, the following criteria must be used. 

14. .1 II percent differences or drifts must not exceed ±20%, with the following r ~ exceptions: 

~-2 Alcohols, ketones, 2-Methylnaphthalene, 2-Chloroethyl vinyl ether, 1,4-
Dioxane, Vinyl acetate, and lodomethane must not exceed ±40%. 

. . 

4. 7.4.3 Also, if non-CCC compound responses are high and out of control, then 
non-detect sample results for those compounds may still be reported since 
there is no question of analyte sensitivity for that day. 

14.7.4.4 For any analyte that does not meet the above criteria, the appropriate 
qualifier must be attached. 

14.7.5 It is not permitted to choose a quantitation technique dissimilar to that used during 
initial calibration to achieve CCC criteria. For example: An analyte initial calibration 
%RSD was within ±15% drift, and average RF is used for quantitation. The last CCC is 
not acceptable for percent drift. To attain a passing CCC, it is not permitted to switch to 
a regression curve in an attempt to pass the CCC, even if the regression curve passes 
coefficient of determination criteria. 
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14.7.6 Internal standard responses and CCV retention times must be evaluated during or 
immediately after data acquisition. 

14.7.6.1 

14.7.6.2 

If the retention time for an internal standard changes by =~n 30 
seconds compared to the 40 ug/L initial calibration, the system ust be 
inspected for malfunctions. Corrections must be made as ne 

If the area for an internal standard changes by a fact~f o (-50% to 
+100%) compared to the 40 ug/L initial calibratioEl , the system 
must be inspected for malfunctions. Corrections m t be a as needed. 

14.7.6.3 When corrections are made, reanalysis of ~p~ alyzed while the 
system was malfunctioning are necessary.· V 

15.0 ANALYTICAL PROCEDURE A 
15.1 Before initial use, a Vocarb 3000 trap must be condi ne lf~ast one hour by baking at 260° 

C and purging with helium. If other trapping material e s stituted for the Vocarb 3000, follow 
the manufacturer's conditioning recommendati~Aft eriods of inactivity, GC columns may 
be run through the temperature program, or ra ed the final tern perature and held for 15 
minutes. '-. ; 

15.2 Set up the autosampler, purge-and-tr0a~Ms as instructed in Section 9.0. Sample prep 

TriMatrix SOP GR-04-105. 
and purging conditions are sp~ :h trix. The procedure for soil samples is described in 

15.3 BFB Tuning ~ ~ 

15.3.1 At the beginn ; o~ry 12-hour shift 4-Bromofluorobenzene (BFB) must be used to 
tune the ctrometer. Analyze the BFB and compare the spectra obtained to 

ace at> tune. 
the ~ri · · en Attachment 23.3. No other analysis may begin prior to running an 

15.3 .. 2 fi. d prepared in Section 12.5.2.1 contains 20 mg/L of 4-Bromofluorobenzene 
(BF 

~ .. 2.1 To prepare a working BFB standard solution, spike .25 µL into a 50 ml 
.. ,, volumetric flask containing reagent water. Transfer the contents to a 40 

"-J 15.3.2.2 :Lbes:::
1

1~t:~:· 1be. to inject 50 ng of ~th~B 
1
in
2

toh the GfCth/MSBFsBy~t~mt .. All 
su sequen ana ys1s must commence w1 in . ours o e inJec ion. 
BFB must be analyzed using the same acquisition parameters as 
standards and samples. 

15.3.3 The following evaluation sequence must be used to determine BFB tune performance. 

15.3.3.1 
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All BFB tunes must be initially evaluated using the · CLP BFB tuning 
procedure, which takes the scan average at the peak apex and two scans 
immediately before and after the apex, followed by a background 
subtraction. 
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15.4 

15.3.3.2 If the above does not give an acceptable BFB tune, then corrective action 
is required. 

15.3.3.3 The first step is to reinject a. nd reanalyze the same BFB standard.\ 

15.3.3.4 Next, prepare a new BFB working solution, then inject a~~ 
15.3.3.5 The last step is to optimize the tuning acquisition a. s by tweaking 

manually or by performing a new autotune. 

15.3.3.6 Once acquisition parameters are optimized, r'f1"t t~ mg sequence. 

Initial/Continuing Calibration V 
15.4.1 After a successful BFB analysis, an initial ca· ation urve or continuing. calibration 

verification must be analyzed (Section 14.0 rn a continuing calibrations for soil 
sample analysis must match sample met sodium bisulfate concentrations 
wherever possible, and be run under th am analytical conditions as samples. 
Follow initial or continuing calibration~ the.! 1ty control described in Section 18.0. 

15.5 Sample Analysis '-.. y 
15.5.1 For aqueous samples a naiad ~¥e Centurion autosampler, the 40 ml sample 

collection vial is placed dire int he autosampler without opening. The autosampler 
removes 5.0 ml and e · the purge vessel automatically. Internal standards 
and surrogates are e autosampler as well. The purge sequence will start 
automatically,~· t perating conditions in Section 9.0. At the end of the purge 
cycle, analyte e in o he adsorbent trap, and are ready for desorption to the gas 

chromato~ra 
15.5.2 low~o a nalysis for bulk and sodium bisulfate preserved soils (approximate 

con r nge 0.010 - 1.0 mg/kg): 

a f a sample is preserved in sodium bisulfate, remove the vial from storage, 
and let warm to room temperature. Agitate the vial gently so contents 
move freely and stirring will be effective. For bulk soils prepared in the 
laboratory, 5.0 ml of reagent water and a PTFE stir bar must be added 
during preparation. Place the vials in the autosampler. 
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15.5.2.2 The autosampler adds 10 ml of organic-free reagent water, internal 
standards, and surrogates before initiating the purge sequence. .Other 
volumes may be used but it is imperative that all samples, blanks and 
calibration standards have exactly the same added volume of 
organic-free reagent water. 

15.5.2.3 Before purging, vials are heated to 40° C and held for 30 seconds. Purge 
follows the operating conditions provided in Section 9.0. Heat and stir 
using the magnetic stir bar, for the entire purge cycle. After purging, 
analytes remain on the adsorbent trap, and are ready for desorption to the 
gas chromatograph. 
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15.5 

15.6. 

15.7 

15.5.4 The following is for extraction of high concentrations (greater than 1 mg/kg), from solid 
and oily waste: 

15.5.4.1 Remove sample methanol extracts from storage and let~~ room 
temperature. Using a microsyringe, transfer an appropria. te extra volume 
to organic-free reagent water in a 50 ml volumetric flask. M' a 1 :50 
dilution is done. ~ 

15.5.4.2 Transfer the diluted extract to a 40 ml vial and p1a·~autosampler, 
as in 15.5.1. _, 

15.5.4.3 Report soil results on a dry weight basis. Pf'I'!rt ~ results on a wet 
weight basis. V 

Sample Desorption Q 
15.6.1 After the 11 minute purge, the. system will advance to the desorb mode. 

The trap will preheat to 245° C without de pf g w. When the trap reaches this 
setpoint, it will desorb at 20 ml/minute fo utes. Desorbing initiates the gas 
chromatograph oven temperature pr'-m, a'! ta acquisition begins. 

After desorbing, the trap is recondition~byM; b ng out at 260° C (or the temperature 
recommended by the trap packing me cturer). After 1 O minutes, the trap heater is 
turned off and purge flow through the ap is a d. When the trap is cool, the next analysis can 
begin. · 

If any compound response W<l~'ll'•~calibration range, prepare a sample dilution. An ideal 
dilution will result in analY. esp e at midrange in the calibration. However, a dilution with a 
response in the upper 6 era ge is acceptable. 

15. 7.1 For aque e dilutions, prepare a sample dilution from an aliquot of the second 
(dupli m ial or from unused sample saved under zero headspace from the 
first al. tion is prepared in a volumetric flask (50 ml or larger). The minimum 
volu e tha an be diluted is 1.0 ml. The total volume purged must equal the volume 

d 1bration standards (5.0, 10 or 25 ml). Organic-free reagent water must be 
used r all dilutions. Matrix-matching must be done by including the same methanol 

lu to dilutions as used in calibration standards. Pour the contents into a 40 ml 
then load into the autosampler, which will automatically add internal 

andards/surrogates . 

. 2 For bulk soil dilutions, prepare a 1.0 g sample instead of 5.0 g if the expected 
concentration is within the calibration range. If a larger dilution is needed, refer to 
TriMatrix SOP GR-04-105. 

16.0 CALCULATIONS AND DATA HANDLING 

16.1 Qualitative Analysis: 

16.1.1 
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An analyte is identified by comparison of the sample mass spectrum with the mass 
spectrum of a standard. Standard spectra are obtained from calibration standards. 
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·., 

16.1.2 
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16.1.1.1 Two criteria must be satisfied to verify analyte identification: 

16.1.1.1.1 Elution at the same GC relative retention time (RRT) as the 

standard. ~ 

16.1.1 .1.2 Positive correlation of the sample analyte mass m with 
the standard. ~ 

16.1.1.2 The sample component RRT must compare withi§ T units of the 
daily continuing calibration standard. If coelution terfe s ith accurate 
component RRT assessment from the tota1G· oma gram, the RRT 
must be assigned by using extracted ion curr. t pro , or ions unique to 
the compound. . 

16.1.1 .3 All ions present in standard massmat a relative intensity greater 
than 10% (most abundant ion · the pectrum equals 100%), are 
automatically checked by th~ e be present in the sample 
sp~ctrum. Relative ion inten e us gree within plus or minus 20%, 
between standard and sample ctr 

Example: For an ion h~ a ..:lative intensity of 50 percent in standard 
~gegctra, ~'Vr(g sample ions must be between 30 and 

For sample compounds n ocia d with a calibration standard, a library search can 
be made for tentative i Only after visual comparison of sample spectra with 
the nearest library s · an analyst assign a tentative identification. When a 
tentatively identifie nd (TIC) cannot be identified by name, a generic description 
will be given to h nctional groups. These TICs will have names such as: 

CAS# 
xx-xx-xx 
xx-xxx-xxxx 
xx-xxx-xx 
xxx-xx-xxxx 
xxx-xxx 
xxx-xx-x 
Xxxxx 
xxxxx-x-x 
Xxxxxx 

16.1.2.1 Relative intensities of major ions in the library spectrum (ions >10% of the 
most abundant ion) must be present in a sample spectrum. 

16.1.2.2 Relative intensities of major ions must agree within ±20%. As an example: 
For an ion having a relative intensity of 50 percent in library spectra, 
corresponding sample ions must be between 30 and 70 percent. 

16.1.2.3 Library spectra molecular ions must be present in a sample spectrum. 
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16.1.2.4 Sample spectra ions not present in the library spectrum must be reviewed 
for the presence of background contamination or coeluting compounds. 

16.1.2.5 Library spectra ions not in sample spectra must be reviewed fo possible 
subtraction from the sample spectrum, because of ba ground 
contamination or coeluting peaks. Data system library 
sometimes create such discrepancies. When TIC searc~ pe med, 
the criteria for determining whether or not a peak is a Tl r · 

16.1.2.5.1 The peak. in question must be >10%~ rest internal 
standard. V 

16.1.2.5.2 The top 10 potential TICs must ~evi ed, unless otherwise 
required. The match qual st be 70 percent 
(corresponding to a fit a on t e Ion Trap) or higher, to 
report a positive iden catio in the absence of interfering 
peaks. If there ar te in eaks, analyst discretion must 
be employed whe eQ ositive matches. 

where: 
Ax = Area of the characteristic ion for the target compound 
Ais = Area of the characteristic ion for the specific internal standard 
Cis = Concentration of the specific internal standard in ug/L 
RF = Average Response Factor 
OF = Dilution factor 
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16.2.1.2 Low Level Soil Samples 

mg Ax x C is 5 mL L mg 1000 g 
kg = Ais x RF x W x %S x 1000 mL x 1000 ug x ~ . \ 

where additionally: ~~ 
W = Wet weight of sample (g) 
%S =Percent solids in decimal form (example: 0.9~o %). Used to 

calculate dry weight results for soils and . Wastes are 
calculated on a wet weight basis only. Refer t TriM ix SOP GR-07-

115. CJ 
16.2.1.3 High Level Soil Samples 

mg Ax xCis DF V ~ lOOOg 

kg=AisxRFX%SXWX10~~o'V Og gx~ . 

where additionally: 
V =Volume of solvent ~d tol pie during purging or dilution (ml) · 
W = Wet weight of sample~ or diluted (g) 

16.2.1.4 Equations give~'-.: ... .;lso be used to quantitate TICs, substituting 
total ion areas r A~~ The internal standard chosen must be the 
one closes · tio 1me to an unknown peak, provided it is free from 
most int re . is remains the same and RF will be a default of 1.0. 

16.3 All manual integration m~ med with strict adherence to T riMatrix SOP GR-10-115. 

17.0 DATA REPORTIN~;IVERABLES 
17.1 Analysts run@~~s are responsible for correctly filling in, handing in and filing 

assoc~at(Jd a rwor It is esse.ntial to perform these tasks to provide defensible data and clien. t 
report in 

17.2 ~ laboratory information system must be done in accordance with TriMatrix SOP 

17.1 ~~hain-of-custody (CoC) is requir.ed, it is very important that the CoC form be filled in and 
~ved correctly. The time each analyst has sample possession must be accounted for on the 

17.3 All laboratory hardcopy (including CoC forms) must be archived appropriately and correctly. 

17.3.1 All run and maintenance logbooks must be filled in completely and correctiy. 
Corrections must be made with a lineout, not a writeover and must be dated and 
initialed. Blank lines must be Z'd out, initialed and dated. 

17.3.2 All tunes, calibrations and continuing calibration verification runs must be placed in the 
correct archival folder. 
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17.3.3 All LIMS reports must be kept and placed in the correct archival folder. 

17.4 The following are required for data packages requiring CLP-like deliverables: 

17.4.1 Copies of all tunes including the EICP·that has BFB ion peaks and ip,a~ance 
results and requirements, including mass listings, and associated Form V . 

17.4.2 Copies of all associated curves, including raw data qu~n reports, 
chromatograms, and associated Form Vis G~ 

17.4.3 Copies of all associated continuing calibration verificat"o inc ding raw data 
quantitation reports, chromatograms, and associated For s 

17 .4.4 Copies of all sample raw data, including all applica · lity control samples, 

and all associated TIC reports when requested 

17.4.5 Method Blank Summary Form IVs /,; ""'- · 

17.4.6 Internal standard recovery Form Vllls'-.. Y 
17.4.7 Copies of all applicable suppo~!~¥tion including: internal chain of custody 

forms, run and standard logg' 'V detection limits and extraction summaries 

Note: For most pro·e , For s I, II and Ill will be included with the deliverables 
package. 

17.5 RoundinQ and significan~r~ justment is only performed on the final reported result by 
Element. ~ ~ 

17.6 With two exception~c:ra, whether designated by the analyst as a positive hit or a false 
positive, must~e ~eer review. 

17.6.1 Exe tion : Peer review will not be required, nor will a hard copy of the spectra be 
· · e false positive is based on a poor retention time match (making spectral 

irrelevant). 

1~.2 ption #2: Peer review will not be required, nor will a hard copy of the spectra be 

results is not required). . 
tained, for analytes detected below the .reporting limit (when reporting of estimated 

.3 All retained spectra must be initialized by the peer performing the review. 

18.0 QUALITY ASSURANCE 

18.1 Quality control requirements include the following previously covered requirements and the 
quality control that follows: 

18.1.1 BFB (Section 15.3) 

18.1.2 Initial Calibration (Section 14.1) 
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18.1.3 Initial Calibration Verification (Section 14.6) 

18.1.3 Continuing Calibration Verification (Section 14. 7) 

18.2 Method Preparation Blanks (BLK) , _ \ 

18.2.1 After the BFB and initial calibration or continuing calibration have ~~rged 
blank is required before sample analysis showing the analytical s o be free of 
interference and contamination. g 

18.2.2 The blank concentration must be at or below the maxi~mepta e limit listed in 
the laboratory information management system. How e m ne chloride and 
acetone may be up to five times the reporting limit unle furth restricted by specific 
data quality objectives. 

18.2.3 At a minimum, a BLK is run every 12-hour shi~Bl: may be run more frequently if 
carryover is suspected from a high con~a s pie analysis or if laboratory 
contamination is in question. The BLK st 1ed through all steps of sample 
preparation and analysis, including the iti of internal standards/surrogates 
spiking. · '-. ~ 

18.2.4 The BLK must be prepared in th~me ~as samples: 

18.2.4.1 For methanol ~Ve BLK must be prepared as for a methanol 
extraction usin~atio of methanol. 

18.2.4.2 If s~m l~ared with sodium bisulfate preservative, the BLK must 
also ~th sodium bisulfate. 

18.2.4.3 ~w- el soil analyses, the BLK must be prepared in a clean solid 

18.3 Internal Stand~' . 

18.3.1 ~Vndard responses and retention times in all runs following continuing 
calib tion verification must be evaluated during or immediately after data acquisition. 

he tention time for internal standards must be within ±30 seconds from the current 
- our continuing calibration standard. The quantitation ion area for all internal 

andards must stay within a factor of two (-50 to +100%) from the current 12-hour 
ontinuing calibration verification . 

. 2 If at any time an internal standard fails the -50 to +100% area criteria, the ability to 
accurately quantitate analyte is reduced. Every effort must be made to prevent an 
internal standard failure, including sample dilution and reanalysis. Refer to TriMatrix 
SOP GR-03-124, for when an internal standard fails. If many samples are out-of
control for no apparent reason, the mass spectrometer must be inspected for 
malfunctions and appropriate maintenance performed. After maintenance has resolved 
the problem, samples run while the instrument was malfunctioning must be reanalyzed. 

18.4 Surrogates 
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18.4.1 

18.5.1 
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All samples and quality control must be spiked with surrogates. Until thirty samples of 
a given matrix have been analyzed, default recovery limits of 70 - 130% will be used. 
Once thirty samples of a given matrix have been analyzed, in-house recovery limits will 
be generated. At a minimum, surrogate acceptance limits must be update annually 
on a matrix by matrix basis. Calculate surrogate recovery for each sis. If 
recovery or precision is not within acceptable limits, consult TriMatrix S 03-124 
to determine when and how data is qualified. 

18.4.1.1 

18.4.1.3 

18.4.1.4 

An LFB/BS is required with each 12-hour shift or with each batch of up to 20 samples, 
whichever is more frequent. The LFB/BS serves as a check of methanol 
extraction/purging efficiency should matrix spike recoveries not be within quality control 
limits. 

18.5.1.1 

18.5.1.2 

When possible, the daily CCV doubles as the blank spike. 

The LFB/BS is run at the beginning of the 12-hour shift. 
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18.5.2 

18.5.3 

18.5.4 

18.5.1.3 An LFB/BS may be from the same source as the calibration or from the 
second-source ~sed to verify the intial calibration. 

At a minimum, the LFB/BS must contain the following analytes: 

~4. 1, 1-Dichloroethylene 

18.5.2.2 Trichloroethylene 

:::::::: ::~o~:::nzene c;O 
18.5.2.5 Toluene 

Note: 

LFB/BS. 

As noted previously, where pro~t sp ifications require, all target 
analytes must be in the~ mke matrix spike duplicate and 

Until at least twenty blank spikes hav een a ed in a given matrix, recovery will be 
validated against default recovery Ii of - 130%. The blank spike must be 
prepared in the same matrix as ~les:_: 

18.5.3.1 For methanol A,Me blank spike must be prepared as for a 
methanol extra~g a ratio of 1 :50 of methanol. 

If sFfm ~ared with sodium bisulfate preservative, the blank spike 
mus so repared with sodium bisulfate. 

. . 

low- el soil analyses, the blank spike must be prepared in a clean 
1 atrix. 

18.5.3.2 

·18.5.3.3 

rln!'!i.ir:"-. is out-of-control, the problem must be immediately identified and 
ore samples can be run. 

Calculate recoveries and compare to LIMS control limits. Stop analysis 
and correct the problem if recoveries are outside quality control limits. 

Samples analyzed in a batch with a failing LFB/BS must be reanalyzed for 
failed analytes. If this is not possible due to holding time or lack of sample, 
data for failed analytes must be qualified as estimated. 

If compound responses are high and out of control, then non-detect sample 
results for those compounds may still be reported _since there is . no 
question of analyte sensitivity for that day. 

18.5.4.4 The LFB/BS verifies that out-of-control compounds in an MS or MSD are 
the result of matrix interference rather than extraction or purging error. 

18.5.4.5 Take corrective action in accordance with TriMatrix SOP GR-03-124. 

18.6 Matrix Spikes (MS, MSD) 
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18.6.1 To assess extraction and purge efficiency from specific matrices, extract a Matrix Spike 
(MS/SPK) and Matrix Spike Duplicate (MSD/SPK) at least once every 20 samples 
prepared for each matrix. If less than 20 samples are analyzed in a month, at least one 
matrix spike and one matrix spike duplicate is required. Generally, matrix ikes are 
analyzed at the end of the 12-hour shift. Running matrix spikes at the end o the shift 
helps document the instrument is still functioning correctly. 

18.6.2 Until at least twenty matrix spike/matrix spike duplicates have been ~I d, recovery 
will be validated against de. fault recovery limits of 70 - 130%.a imum defau. It 
precision acceptance limit is 20% relative percent difference (R ). 

18.6.3 Once twenty MS/MSD sets of a given matrix (water, soil ~t e been analyzed, 
statistical · acceptance limits will be calculated by the boratory information 
management system and listed there. 

18.6.4 If MS/MSD recovery or duplication is not within A1e limits, take corrective action 
in accordance with TriMatrix SOP GR-03-1~~V 

18. 7 This procedure is written primarily in reference t - 6 82608, however the following 
modifications are allowed when used for EPA ~od 6~ mple analyses: 

18.7.1 The 12-hour shift is replaced ~.~¥shift. BFB and continuing calibration 
verifications are still require~' vnce in 24 hours instead of every 12. 

18.7.2 SPCCs and CCCs are not ed. stead response factors for every compound listed 
on the EPA 624 list g; Vo RSD for the calibration to be valid. 

18.7.3 The continuing 1bra verification does not use SPCCs and CCCs. The RF for 
every compou 1 e ug/L continuing calibration verification is compared with the 
correspondin alibr · n acceptance criteria found in Attachment 23.8 (Table 5). If 
paramet es fall within the designated ranges, analysis of samples can begin. 

that a 
If an~· i a falls outside the range, an appropriate qualifier will be attached to 

18.7.4 fj o criteria for internal standard areas or retention times in method 624. 
er, method 82608 criteria will be followed. 

1~.5 targeted analyte must be spiked in the MS/MSD, and LFB/BS. Not just the 
~ited list in Section 18.5.2 . 

. 6 Acrolein and Acrylonitrile may only be screened by GC/MS. All positive results must be 
. qualified in the report as estimated. 

18. 7. 7 Refer to Section 8.1.1.5 for sample collection requirements unique to method 624. 

19.0 DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

19.1 Before sample analysis, each analyst must demonstrate the ability to generate acceptable 
accuracy and precision by running an Initial Demonstration of Capability (IDC). While IDCs are 
not instrument dependent, one is required on each instrument used in sample analysis to 
demonstrate acceptable accuracy and precision. 
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19.1.1 

19.1.2 

Initial Demonstration of Capability 

19 .. 1.1.1 

19.1.1.2 

19.1.1.3 

19.1.1.4 

Spike four aliquots of organic-free reagent water so analyte con 
are in the lower half of the calibration range. Process the fo spikes 
following every step outlined in the procedure, including quali ol. 

Input all four results to the IDC spreadsheet located~ laboratory 
intranet library. Average percent recovery mus61 the LFB/BS 
acceptability limits listed in the laboratory informati ma ent system. 
Relative standard deviation must be :5:20%. . 

If any criterion in the study fails, locate at::or~ct the source of the 
problem and repeat the study successfully. ~ 
Repeated failure, will confirm a ge~I pr lem with the pr.ocedure and/or 

. procedure and/or techniques d n eat the study successfully. 
techniques used. If this o~c , t he problem and correct the 

1.9.1.1.5 Samples may not be an~~~~~ analyst or on any instrument until a 
demonstration of capability vas been successfully completed. 

19.1.1.6 Copies of all e"-·io_:of capability studies and raw data must be 
submitted to th ua1'Yu~ance departrpent. 

A Continuing Demo n apability (CDC) must be performed annually by all 
analysts runnings y of the following approaches: 

19.1.2.1 the st four of seven results obtained from a method detection 
'f run exclusively by the analyst. ONLY the last four results may 

By using four consecutively run blank spike results obtained during the 
course of routine analysis and if run exclusively by the analyst. 

By running an acceptable blind performance testing sample during the 
course of routine sample analysis. 

Copies of all demonstration of capability studies and raw data must be 
submitted to the Quality Assurance department. 

19.2 A Method Detection Limit (MDL) Study must be performed annually in accordance with TriMatrix 
SOP GR-10-125. 

20.0 POLLUTION PREVENTION 

20.1 Maintain an inventory of all chemicals used in the laboratory to monitor their use. 
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20.2 Never dispose of laboratory chemicals without first referencing appropriate written instructions of 
disposal for that particular material. 

20.3 Conserve the use of chemicals where applicable . \ 

20.4 Comply with all environmental laws associated with chemicals in the laboratory. ~ 

21.0 WASTE MANAGEMENT , ·g~ 
21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when posi of chemicals. 

Material safety data sheets are located on the laboratory intranet lib(!! ~ 

21.2 To minimize the environmental impact and costs associated with ~I disposal, order and 
use only the minimum amount of material required. A 

21.3 Follow all instructions in TriMatrix SOP GR-15-102 f?;~ste disposal requirements. 

22.0 REFERENCES '" y 
22.1 Test Methods for Evaluating Solid Waste, ~ica"¥nical Methods, SW-846, 3rd Edition, Final 

Update Ill, Method 82608, "VolatiESe ·c ompounds by Gas Chromatography/Mass 
Spectrometry", Revision 2, December 996 

22.2 40 Code of Federal Regulat1~0 , o rent edition, Part 136, Appendix A, Method 624-
Purgeables, latest revision 

22.3 Test Methods for Evalua~~-~ ste, Physical/Chemical Methods, SW-846, 3rd Edition, Final 
Update II, Method 5~~and Trap for Aqueous Samples", Revision 2, December, 1996 

23.0 ATTACHMEN~ 

23.1 Attachmr3~ 1, Compound List, CAS #, and Routine Reporting Limits, for Standard I 

23.2 ~~~·Table 1A, Compound List, CAS #,and Routine Reporting Limits, For Standard 

23.!_ ~ 23.3, Table 2, 8F8 Key Ion Abundance Criteria 

23.~hment 23.4, Table 3, Standard 82608 Volumes Required For Curve 

23.5 Attachment 23.5, Table 3A, Appendix IX Volumes Required For Curve 

23.6 Attachment 23.6, Table 4, Elution Order, Quantitation and Characteristic Ions, Internal Standards, 
and Surrogates for Standard I 

23.7 Attachment 23.7, Table 4A, Elution Order, Quantitation and Characteristic Ions, for Standard II 

23.8 Attachment 23.8, Table 5, Continuing Calibration QC Acceptance Criteria, Method 624 

23.9 Attachment 23.9, Example Chromatogram, D8-624 
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Compound List, CAS Number and Routine Reporting Limits for Standard I 

~ 
Minimum Reportm......Jl 

CAS Concentration Limit - --... Mix"" Analyte 
Number lllg/L LowLe~e~ Aqueous -,,~Le~I 

ug/L Sol.I,. .....,,..-... .,,,.._,. ii. rng/kg 

D Acetone 67-64-1 100 5 o.i-. Ill[ 0.75 

c Aero le in 107-02-8 100 5 ol1 , ' 0.05 

c Acrylonitrile 107-13-1 100 l <11>1 0.05 

A Benzene 71-43-2 100 1 ~o.1111.. .... 0.05 

A Bromobenzene 108-86-1 100 I ,, O.IJ.1- 0.05 

A Bromochloromethane 74-97-5 100 I I. o.<9 0.05 

A Bromodichloron1ethane 75-27-4 100 I '-._.sit 0.05 

A Bromoform 75-25-2 100 ...-.... -0.01 0.05 

B Bromomethane 74-83-9 100 11 ' 0.01 0.05 

A n-Butylbenzene 104-51-8 100 .... ,1 I 0.01 0.05 

A sec-Butylbenzene 135-98-8 100 .... '.I 0.01 0.05 

A tert-Butylbenzene 98-06-6 100 c. I I T 0.01 0.05 

D Carbon disulfide 75-15-0 IOQ "'Ir I 0.1 0.5 

A Carbon tetrachloride 56-23-5 ~ ""'I 0.01 0.05 

A Chlorobenzene 108-90-7 1, .. 1 0.01 0.05 

B Chloroethane 75-00-3 
1 ..... 100~ I 0.01 0.05 

D 2-Chloroethyl vinyl ether 110-75-8 ' 100 ....... 10 0.1 0.5 

A Chloroform 67-6- ~ I 0.01 0.05 

B Chloromethane 74-43 ' 115"0 I 0.01 0.05 

A 2-Chlorotoluene 95-4L • 100 1 0.01 0.05 

A 4-ChJorotoluene ~3~ 
,, 

100 1 0.01 0.05 

E Cyclohexa>'llll 11~7 100 10 0.01 0.25 

A Dibromochloromet:M!Bie ""14-48-=T 100 1 0.01 0.05 

A 1 ~2-Dibroino-3-chloro~e .,..12-8 100 I 0.01 0.05 

A 1,2-Dibr~oe~ 106-93-4 100 I 0.01 0.05 

A Dibrom~ethan:l ~ 74-95-3 100 I 0.01 0.05 

A 1.2-~r~ne 95-50-1 100 I 0.01 0.05 

A 1,3-Di~ro ne 541-73-1 100 I 0.01 0.05 

A -- · 1~benzene 106-46-7 100 I 0.01 0.05 

E trans-il4-Dichl ... o-"Y-butene 110-57-6 100 I 0.05 0.25 

B Dic!ikorodifl la:.romethane 75-71-8 100 1 0.01 0.05 

A ,-- ~ chloroethane 75-34-3 100 1 0.01 0.05 

A I ·1~2-Dichloroethane 107-06-2 100 I 0.01 0.05 

A ..._ ..... i 1-Dichloroethylene 75-35-4 100 I 0.01 0.05 

A ' ~1 _,2-Dichloroe.thylene 156-59-2 100 I 0.01 0.05 

A - ans-1,.2-Dichloroethylene 156-60-5 100 1 0.01 0.05 -F. ' 
- Dichloro.tluoromethane 73-43-4 100 I 0.01 0.05 

A i.... ' 1,2-Dichloropropa.ne 78-87-5 100 I 0.01 0.05 

~ ' 1,3-Dichloropropane 142-28-9 100 I 0.01 0.05 

' I 2~2-Dichloropropane 594-20-7 100 1 0.01 0.05 

A -- l, 1-Dichloropropylene 563-58-6 100 I 0.01 0.05 

A cis-1,3-Dichloropropylene 10061-01-5 100 1 0.01 0.05 

A trans-1,3-Dichloropropylene 10061-02-6 100 I 0.01 0.05 

A Ethylbenzene 100-41-4 100 I 0.01 0.05 

E Ethyl ether 60-29-7 100 5 0.1 0.5 

E Heptane 142-82-5 100 10 0.1 0.5 
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Table 1 

Revision Number: 
Date Revised: 

Date Initiated: 

Compound List, CAS Number and Routine Reporting Limits for Standard I 

4.7 
1/12/12 

9/1/95 

continue ( . d) 

-~l 
Mb:* Analy1·e 

CAS Concentration 

Minimum Report~ 
Limit _:..ii 

Number mg/L Aqueous Low Level~ ~igbLe,,·el 
u.g/L Soil.ID&ai&. ii, mg/kg 

A Hexachlorobutadiene 87-68-3 100 I oli "I '0.05 

E Hex.achloroeth.ane 67-72-1 100 1 olt,1 I 0.05 

D 2-Hexanone 591-78-6 100 5 .-o"- .... 2 . .S 

D Iodomethane 74-88-4 100 I , 0.0.J- 0.05 

E Isopropan.ol 67-63-0 100 25 ll 0 .• 2.5 

A lsopropylbenzene 88-82-8 100 1 ..... o• 0.05 

A p-Isopropyltolue11.e 99-87-6 100 .l-... ~01 0.05 

E Methyl tert-butyl ethe• (MTBE) 1634-04-4 100 I• ..... 0.1 2.S 

E Methyl Acetate 79-20-9 100 ,10 1 0.01 0.2.S 

E Methylcyclobexane 108-87-2 100 
,.. ... ~ 0.01 0.25 

A Methylene chloride 75-09-2 100 I ~ .~ 0.01 0.25 

D Methyl ethyl ketone (2-Butanone) 78-93-3 100 ' 
, .. 0.1 0.75 

E 2-Methylnaphthalene 91-57-6 lOO .. 15 0.05 0.25 

D 4-Methyl-2-pentanone (!\.-UBK) 108-10-1 ~ ..... 5 0.1 2.5 

A Naphthalene 91-20-3 10-a.. 
,. 

5 0.01 0.5 

A n-Propylbenz.ene 103-65-1 .... 100 .... 1 0.01 0.05 

A Styn:ne 100-42-.S.... ,100~ I 0.01 0.05 

A Tetrachloroethylene 127-lllJ"-4 ,,...,... l 0.01 0.05 

A 1, 1 . 1 .. 2-Te'trachloroethan~ 630 .. 0-6 .. 100 1 0.01 0.05 

A 1.,1,2,2-Tetrachloroethane ~-:A.s I 100 1 0.01 0.05 

A Tolueng ,..1a..88..._ ..... 100 l 0.01 0.05 

A 1 02~3-TrichlorobenztC 
...._ _ 

100 1 0.01 o.os 
A 1,2,4-Trichloro~ene •20-82:-1 100 1 0.01 0.05 

A 1.,1,l-Trichl~ane '-55-6 100 l 0.01 0.05 

A 1., l ,2-TricktX"roet1'.e 79-00-S 100 l· 0.01 0.05 

A Trichl&ethyleri'I 79-01-6 100 1 0.01 0.05 

B Trichl~oro~1.e 75-69-4 100 I 0.01 0.05 

A 1,2,,,3-Tnmo. o e 96-18-4 100 1 0.01 o.os 
E 1, 1,2-Trichlo - - oroethane 76-13-1 100 1 0.01 0.05 

A .2,4-Trl'l ~~benzene 95-63-6 100 I 0.01 0.05 

A tl.:J.5-Trii 11.thylbenzene 108-67-8 100 l 0.01 0.05 

D _,.. "'-- ...,.j Vinyl acetate 108-05-4 100 5 0.01 0.05 

B • .. - Vinyl chloride 75-01-4 100 1 0.01 0.05 

A ..... 9.. • m.p-Xylene 106-42-3 200 1 0.02 0.1 

A '~ o-Xylene 95-47-6 100 I 0.01 0.05 

A 
.. _ 

' Xylene, total 1330-20-7 300 I 0.03 0.15 - --
atile Organic Compounds - Liquids @ 2.0 mg/mL in MeOH (Accustandard M502A-R-1 OX) 

olatile Organic Compounds - Gases @ 2.0 mglmL in MeOH (Accustandard M502B- l OX) 

Acrolein & Acrylonitrile at 2.0 mg/mL in MeOH (Accustandard S-948) 

*Mix D: Ketone Mix@ 2.0 mg/mL in MeOH (Accustandard M-8260-ADD-IOX) 

'"Mix E: Custom Additions to Method 82608@ 2.0 mglmL in MeOH (Accustandard S-3439-Rl) 

'"Mix F: Dichlorofluoromethane@ 1.0 iug/mL in MeOH (Absolute #70904) 
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Attachment 23.2 
Table 1A 

Compound List, CAS#, And Routine Reporting Limits For Standard II 

~ 
.-.....;~ 

MinimumRepo~ ~ 

MJx• Analyte 
CAS Concentration IAw::r ~~&m Number mWL Aqueous 

ug/L 

A Ally! chloride 107-05-1 250 5 ~~ 
A 2-Butanol 15892-23-6 250 so I 0.5' 
A n-Butanol 71-36-3 250 so ~ 
A t-Butanol 15-65-0 250 ~ 0.5 

Neat a-Butyl acetate 123-86-4 250 "-o I 0.02 
B 2-Chloro-1,3-butadiene (Chloronrene) 126-99-8 250 -4 .... ~ .. 0.05 

Neat 1-Chlorohexane 544-10-5 250 '-
, i.., 0.01 

E Cydohexaoe 110-82-7 . ...too ~o 0.01 
A Cyclohexanone 108-94-1 a. ~ 

50 0.5 Ii) 

A 2,3-Dichloro-1-propene 78-88-6 ~ ..... 250Y s 0.05 

A l,4-Dioxane 123-~ ""'~ 25 0.1 

c Epichlorohydrin 10t 89-8 ' "'150 25 0.05 
A ethanol _,..~ .. ,, ,j, 

250 50 0.5 
A F.thyl acetate L .£18-6 250 10 0.5 

Neat Ethyl methacrylate ,, .... c: 97-63-2 250 5 0.05 
A Hexachloroethane 

,., 
~-72-1 250 5 0.05 

A Hexane ' ' 110-54-3 250 IO O.l 

A lsobutanol -- ' 78-83-1 250 50 0.5 -
A Jsobutyl ~ 110-19-0 250 5 0.1 

Neat lsopropanol i ~, ~ 67-63-0 250 25 0.05 
A Jso 

.. 
~' 108-20-3 250 s O.ol 

A Meta icrvlonii.ile 126-98-7 250 5 o.s 
E 

i.. .• 
clohrlane 108-87-2 100 10 0.01 

Ne~~ lA ~I metliacrvJate 80-62-6 250 5 0.05 .,., 2-Nilm&opane 79-46-9 250 5 0.1 

A' ~ ......... ol 71-23-8 250 50 0.5 'A J Propionitrile 107-12-0 250 5 o.s 
'"P" Tetrahydrofuran 109-99-9 250 5 0.1 

*Mix A: Appendix IX Standard @ 2.5 mglmL in MeOH (Accustandard S-3651 Volatile Custom Solution) 
*Mix B: 2-Chloro-1,3-butadiene (Chloroprene)@ 2.0 mglmL in MeOH (Accustandard App-9-048-Rl-20X) 
*Mix B: Epichlorohydrin @ 1.0 mglmL in MeOH (Accustandard 70377) 
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Attachment 23.3 
Table2 

BFB Key Ion Abundance Criteria 

Table 2 
BFB Key Ion Abundance Criteria 

Mass Ion Abundance Criteria 
50 15 to 40% of mass 95 
75 
95 
96 
173 
174 
175 
176 
177 
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Attachment 23.4 
Table 3 

Standard 82608 Volumes Required For Curve 

Concentration 
of Working 

Standard (ug/L) 

1.0 
5.0 
10 
20 
40 
100 
200 

Volume (IJL) of 
Standard 
12.4.1.1 

0.5 
2.5 
5.0 
10 
20 
50 
100 
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Appendix IX Volumes Required For Curve 

Concentration 
of Working 

Standard (ug/L) 

5.0 
25 
50 
100 
250 
500 
1000 

Volume (IJL) of 
Standard 
12.4.2.1 

1.0 
5.0 
10 
20 
50 
100 
20* 

~Note:. when preparing the 1000 ug/L Appendi~ ca1~ 
listed in 12.3.4.2. V 

. 0V 
~~ 

o~ 
~(j 
~ 
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Revision Number: 
Date Revised: 

Date Initiated: 

4.7 
1/12/12 

9/1/95 

Elution Order, Quantltiltlon And Characteristic Ions, Internal Standards, And Surro:-r• 
Standard I 

--
~ Elution 

Anal7te 
Quau>tl ... tlon Secondary 

Ord.er Ioa Ions ..... 
1 Dichlodifluoromethane 85 87.-I> 'y 
2 Chlorornethanc 50 ~ 4'" .I l 

3 Vinvl Chloride 62 T64. 47,..,.. r- ·1 

4 BroIIK>methane 94 l.96. 9jl I 

5 Chloroethane 64 ~ I --
6 Thichloroftuoromethane 10~ 103. 105 I 

7 Dichlorofluoromet.hane &. ~ . 69,47 I 

8 Ethyl Edler ~45, 
, 

59.73 I 

9 Acrolein I 4 ,,. 
56.53 I 

10 I • 1-Dichloroethylene °Y96~ 61. 98 l 

11 l.1.2-Trichloro--1,2,2-trifluoroethane 411 " 103, 151 I 

12 lodo01Cthane ~ ~42 127. 141 1 

13 Carbon Disulfide "'" .... 76 78.77 1 

14 Acetone ........... , , 43 58.42 1 

17 Mcthvlenc Chloride 
, ' .... 49 51. 84 1 

18 Acrylonitrile - '-. .I S2 S4,53 I 

19 Trans-1,2-Dichloroethv~ ~ ~ 96 61,98 1 .... 
20 Methvl tert-Butvl 73 43.S7 I 

21 1.1-Dichloroctha.L ' 63 65.83 l 

22 Vinyl Acetate ~ ¥ ' 
,.. 

43 42.44 l 

23 2.2-Dichloro~~e ' 77 41. 79 l 

24 cis-1.2- - ..... 
61. 63 ene 96 1 

-- .. 
eto--;;:" (2-Butanone) 25 Meth 43 72.57 1 

26 Bro~d~ ..... 
e 49 130. 128 l 

27 Te..l..vdrot.l...n 71 41.42 l 

28 .... ~o~ 83 85,47 l 

29 I l .1.1 ..... chloroethane 97 99.61 l 

3t...., iGUJ....bromofluorornethane 113 111. 192 1 

-3]' - 70.50 IS:Flu0<0benzene 96 l 

oOI ~2 ~ -arbon Tetrachloride 117 119. 121 l 

'"1'i... Cyclohexane 41 39.S7 I 

' 
~4T 

1.1-Dichloro~pylene 75 110. 77 1 

__,,l3s Benzene 78 st. so l 
~ 

36 1.2-Dichloroethane 62 64.49 I 

37 l .2-Dichlorocthanc-d4 6S 67.Sl I 

38 Trichloroethvlene 130 95. 132 1 

39 1.2-Dichloroorooane 63 62,76 1 

40 Dibrornomethane 93 95. 174 1 -
41 Bromodichlorornethane 83 85. 129 I 
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El utlon Od r er, Q uantltat1on 

Attachment 23.6 
Table 4 

A dCh I n aractenst1c ons, nterna 
Standard I (Cont.) 

IS 

Eludon 
Analyte 

Quantltadon 
Order Ion 

44 cis ... I .3-Dichloropropylen.e 7S ----
45 4-MethYl-2-Pen~anone (MJBK) 43 

-~- SUR:d8-Toluene 98 

47 Toluene 91 

48 Trans-1 .. 3-Dichlorinnronvlene 7S 

tan 

49 1.1.2-Trichlo.-oelhanc 97 ~ 
so Tetrachloroethylene 1--C. 

SI 1 .. 3-Dichloronropaoe A ' ... 
52 2-HexD.DC>ne l4.I ..... 
S3 Dibro1DOCblocomethone 

,. ., I 
S4 1.2-Dibcomoethane '" HJ W" 
SS IS:dS-Chlorobenzenc ' A 
S6 Chlorobenzene "" T112 

57 I • l. I .2-Tetrachloroethnne ~~ ... 1 131 

SB Ethylbenzene 
, 

' 
,.. 

91 

59 m,,o-Xvlene -~ ~ 91 

60 o-Xvlene ,~ 
,.......,.. 

91 

61 s~ .. 
,.,_-_ 

104 

62 Bnnn0focrn 4 ' 173 

!benzene..,...- ' ""' 105 63 I 

64 SUR:4-BronK>fluo 
..... ..... 

9S --65 Bcornobenzc ' 77 

66 1.l.2.2-T 
..... 

thane 83 

67 1.2.3-Trlbloc -... ' 7S 

68 n-PrQRy~ 91 

69 2-•~CX'Ok> 126 

70 1.I 5-TciJ ..,Lhvlbenzene 105 

71 
...... .. A 

luene 91 

7 - ' ueylbenzene 119 

·~' s~ulVlben:r.cnc lOS 

7~ ... ..3-Dichlorobenzene 146 

~ 75 'I D-1 ltoluenc 119 

""' IS:d4- t ,4-Dichlocobenzcne 152 

77 1,4-Dichlocobenzene 146 

78 1 .2-Dichlorobenzene 146 

79 n-Butvlbenzene 91 

80 l .2-Dibcomo-3-Chl anc 75 

81 1.2.4-Trichlorobcnzene 180 

82 Hexachlorobutadiene 225 

83 Naphthalene 128 

84 1.2.3-Trichloroben.zene 180 
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d d A dS ar s, n F urrogat,; or 

_ ........ ~ 
---~< J:~~ Ions tanclard .....-... 
77.110 

, ... I 
_.. .. _,.. .. 

..I I 

T100.~ ~ I 

I. 92. J,, I 

~10 l 

83.85 l 

' 129. 168 2 , 
78.41 2 

S8.8S 2 

127. 131 2 

107. 188 2 

117. 119 2 

77. 114 2 

133. 119 2 

106. 51 2 

106.51 2 

106.51 2 

78.SI 2 

175.79 2 

120.79 3 

174. 176 2 

156. ISB 3 

85.95 3 

49, l 10 3 

120.65 3 

91.63 3 

120.77 3 

126.63 3 

91. 134 3 

134.91 3 

111. 148 3 

134. 91 3 

150 3 

111. 148 3 

111. 148 3 

92. 134 3 

155. 157 3 

182. 145 3 

227.260 3 

102. 51 3 

182. 145 3 



SOP Name: Volatile Organic Compounds by Purge and Trap Capillary 
Column Gas Chromatography/Mass Spectrometry 
SW-846 Method 82608, EPA Method 624 

SOP Number: GR-04-104 page 40 of 43 

Attachment 23. 7 
Table4A 

Revision Number: 4.7 
Date Revised: 1/12/12 

Date Initiated: 9/1/95 

Elf u1on Od r er, Q ft f A d Ch t f I uan 1 a ion n arac eris 1c ons, F St d d 11 or an ar _\ 
Elution Quantltation Seco - . ~ ~ lnte 
Order 

Analyte 
Ion lo:.:.."' Standard 

l Ethanol 45 f 3 ~~ . • l 
1---

"-4 ... r 2 Acetonitrile 41 1 

I -
-~ Allyl Chloride 76 3~41 I 

4 lsopropanol 45 '-... J.43 1 

5 t-Butanol 59~ 41.43 I 

6 Hexane 41'-. 
, 

56.57 l 

7 Isoproovlether '4s,.. ~ 69.86 1 

8 n-Propanol ~ ~T 59.41 1 

9 Methylcyclooentane 14ir.. " 41. 69 l 

10 Propionitrile '_A4 52.56 1 

11 Ethvl Acetate ' ,,,."""' 43 61. 45 1 

12 Methacrylonitrile r'-. v 67 41.52 l 

13 2-Butanol l J 45 59.57 1 

14 Sur: Dibromofluorometh~ ~ 113 Ill. 79 1 

15 Cyclohexane i~ 41 39.57 1 

16 IS: Fluorobenzene A ' 96 70.SO 1 

17 Isobutanol ~ ' 41 43.42 1 

2'. 
T 

18 n-Butanol - 41 39,56 I 

19 1,2-Dichlor ......... - 65 67.51 1 

20 2.3-DichlJ o-1-~p~ene 75 77. 110 1 

21 M ' cn£te 41 69. 100 1 

22 I.~ )ioxa...il- 88 57.43 1 

23 ,.,i lliii..~r.-.lane 41 43,46 2 

- ' orohvdrin 49 57.62 2 .. ~ --_;_-xachlorocthane 117 119. 201 3 

"'" ~ Eit;vl methacrvlate 41 99,69 2 

~ Sur: d-8-Toluene 98 100.70 2 

28 n-Butvl acetate 43 56.57 2 

29 IS: d5-Chlorobenzene 82 117. 119 2 

30 Cyclohexanone 55 42,98 2 

31 Sur: 4-Bromofluorobenzene 95 174. 176 2 

32 trans-1.4-Dichloro-2-butylene 53 75.89 3 

33 IS: d4-l.4-Dichlorobenzene 152 150 3 
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!
d 

Parameter . /L) 

Benzene a 4.4 
Bromodichloromethane .2-53.8 
Bromoform G 8.4-51.6 
Bromomethane 5.6-74.4 
Carbon tetrachloride 29.2-50.8 
Chlorobenzene ~ 26.4-53.6 
Chloroethane 15.2-64.8 
2-Chloroethylvinyl ether <G) D-89.6 
Chloroform 27.0-53.0 
Chloromethane D-81.6 
Dibromochloromethane v 27.0-53.0 
1,2-Dichlorobenzene · 25.2-54.8 
1,3-Dichlorobenzene w 29.2-50.8 
1,4-Dichlorobenzene 

0 
25.2-54.8 

1, 1-Dichloroethane 29.0-51.0 
1,2-Dichloroethane 27.2-52.8 
1, 1-Dichloroethylene ~ 20.2-59.8 
trans-1,2-Dichloroethylene 27.8-52.2 
1,2-Dichloropropane ~ 13.6-66.4 
cis-1, 3-Dichloropropylene 9.6-70.4 
trans-1,3-Dichloropropylene~ 20.0-60.0 
Ethyl benzene 23.6-56.4 
Methylene chloride 24.2-55.8 
1. 1.2.2-Tetrach1oroethc 24.2-55.8 
Tetrachloroethylene · 29.4-50.6 
Toluene ~ · 29.8-50.2 
1, 1, 1-Trichloroe ane 30.0-50.0 
1, 1,2-Tri~clo t e 28.4-51.6 
Trichloro le 26.6-53.4 
Tri~clor. ne 19.2-60.8 
Vinyl ch · 1.6-78.4 

D=D t result must be greater than zero. 
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Attachment 23.1 O 
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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

SCOPE AND APPLICATION 

This procedure describes the preparation of soils, sediments and solid waste for volatile organic 
~~~ie~unds (VOe) analysis. The procedure includes preparation of low level, high lev\ and oily 

The low level soil procedure uses a hermetically-sealed 40 ml sample vial, t~. e ~ich is 
never broken from the time of collection to the time of analysis. Since th a le is never 
exposed to the atmosphere after sampling, voe losses during shipment, o and analysis 
are minimized. The low level soil procedure also details steps for co c 1 ample in an 
appropriate storage device which can then be shipped to the laborato whe it is preserved 
upon receipt. The applicable concentration range for low level sam o 0.200 mg/kg. 

The high level soil procedure is based upon preserving the sampl 
collection or upon receipt at the laboratory. It is ap · le to oil samples with voe 
concentrations over 0.200 mg/kg. The closed syste pur and trap employed for low 
concentration samples is NOT appropriate for sample r rve in the field with methanol. All 
methanol preserved samples must be analyzed di in aliquot of the methanol into 
laboratory reagent water then analyzing in acco ce TriMatrix standard operating 
procedure (SOP) GR-04-104, GR-03-105 or G~-12~ 

This procedure can be used for most volati orgaMipounds with boiling points below 200° e 
and that are insoluble or slightly sole· t . Volatile, water-soluble compounds can be 
included in this analytical technique. owe , orting limits are approximately ten times higher 
because of poor purging efficienc . 

Refer to the appropriate an rd operating procedure for a target analyte list and the 
analysis procedure. 

1.6 s 1s tside of the scope of this procedure and is no longer formally 
recognized by the acceptable option for voe analysis. However, since some states 
and clients st~ bul soil sample collection and analysis, the technique is included in 
Attachment 3. v o ollection and Preparation Technique). 

2.0 ~GHOD REFERENCES 

2.1 ds for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, New Methods, 
..... ~ d 35A, "Closed system Purge and trap and Extraction for Volatile Organics in Soil and Vt amples", Draft Revision 1, July 2002 

3.0 SUMMARY OF PROCEDURE 

3.1 Low concentration soil procedure - Applicable to soil and other solid samples with VOC 
concentrations in the range of 0.001 to 0.2 mg/kg. The VOCs are determined by collecting 
approximately 5 g of sample and shipping it to the laboratory to be analyzed, or preserved and 
then analyzed. One of the following procedures must be used for sampling and preparation. 
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3.1.1 Collect approximately 5 g of sample by using a metal or plastic coring tool, weighed in the 
field at the time of collection. Place the coring in a pre-weighted 40 ml VOA vial with a 
septum-sealed screw cap that already contains a stir bar. The vial is then sealed and 
shipped to the laboratory. The sample must then be frozen within 48 hours of collection. 
Another option is to preserve the sample at the time of collection with sodiu bisulfate 
preservative solution. The vial is then sealed and shipped to the laborat ere it is 

come to room temperature, and is then placed unopened into the auto p r. 
stored in the refrigerator until time of analysis. For analysis., the entir~· is ed to 

3.1.2 Alternatively, samples may be collected in the field using an ast oring device 
which can also serve as the storage device for shipping such a the E ore™ sampler. 
Constructed of an inert polymer, the EnCore™ has a coring/ · ber designed to 
collect a 5 g sample with a press-on cap that creates a va r tight eal to prevent analyte 
loss. After collection, the sample is shipped to the laborat w e it is transferred to a 
new pre-cleaned and tared 40 ml VOA vial containi stir o . The vial is then sealed 
and weighed, and the weight recorded. At this p t th ntire vial may be placed in the 
freezer until time of analysis, or the approp~ia v e sodium bisulfate preservative 
solution (1 :1 w/v) may be added, and the p s in the refrigerator until time of 
analysis. As in Section 3.1.1, the entire vial c unopened into the autosampler for 
analysis. '-. ~ 

3.1.3 Regardless of collection techniq~nd ~diately before anal.ysis, surrogates and 

sample vial. The vial is th hea d 45° C, magnetically stirred and volatiles are 
internal standards are auto~· d by the autosampler without opening the 

heated and backflushe 1 to desorb the trapped volatile analytes into a gas 
purged into an approp~iat r usin helium gas. When purging is complete, the trap is 

chromatograph (~G · by the appropriate detector. 

3.2 High concentration so· r dure - Applicable to soil and other solid samples with voe 
concentrations greater 0. g/kg. The low concentration technique is not applicable to all 
samples. Particula ontaining high concentrations of VOCs which may overload the trap 
or exceed the g· range. In such instances, use one of the procedures described below. 

3.2.1 T e · st o~ on is to collect approximately 10 g of sample weighed in the field in a pre-
ergti al With a septum-sealed screw cap that contains 10 ml of methanol for 

extra ion. Upon laboratory receipt, samples are shaken for two minutes and sonicated 
minutes. For analysis, 1.0 ml of the solvent extract is diluted into 50 ml 

boratory reagent water. The solution is transferred to a new pre-cleaned VOA vial for 
nalysis. Surrogates and internal · standards are added by the autosampler 

mmediately before purging and analysis in accordance with the appropriate analytical 
procedure. 

3.2.2 The second option is to use a coring/storage device, such as the EnCore"' sampler 
described in Section 3.1.2. The Encore"' storage chamber size can be 5 g or 25 g. 
Immediately after a sample is collected, seal the device and ship .to the laboratory. 
Upon receipt, the laboratory will extrude the sample into a pre-tared 60 ml jar, weigh 
the sample and add methanol to the container in a 1 :1 ratio of solvent volume to 
sample mass. Samples are then shaken for two minutes and sonicated for 20 minutes. 
For analysis, 1.0 ml of the solvent extract is diluted into 50 ml laboratory reagent 
water. The solution is transferred to a new pre-cleaned VOA vial for analysis. 
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3.3 

4.0 

4.1 

5.0 

5.1 

5.2 

5.3 

5.4 

3.2.3 

Surrogates and internal standards are added by the autosampler immediately before 
purging and analysis in accordance with the appropriate analytical procedure. 

The third option is to collect a bulk sample in a glass container with a PTFE-lined lid. A 
5 g portion of the collected sample is removed from the container at the 1;::0~ and 
added to 5.0 ml of methanol to extract volatile organic constituents. . 

Note: This is the least desirable option as the sample contacAatmo phere 
which may cause some volatile constituent losses. " 

High concentration oily waste procedure - Applicable to oily samples .. Q concentrations 
greater than 0.2 mg/kg that can be diluted in a water-miscible solve ~arily methanol). 
After demonstrating that a test aliquot is soluble in the solvent of c ice, ute a separate aliquot 
into the solvent. At analysis, dilute an aliquot of the water-miscible Ive extract into laboratory 
reagent water as in Section 3.2.1 and place in a n~e-clean OA vial for analysis. 
Surrogates and internal standards (if applicable) are ed the autosampler immediately 
before purging and analysis in accordance with the a7;~ a lytical procedure. 

PARAMETER OR COMPOUND LIST '" y 
Refer to each analytical procedure for the WV.rameters list. 

0 REFERENCED SOPs 

TriMatrix SOP GR-04-104, 
Gas Chromatography/Ma 

'~1!111111nic Compounds By Purge And Trap Capillary Column 
metry, latest revision 

latest 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

6.1 Sample contamination can cause elevate reporting limits or give false positives and come from a 
variety of sources. Improper sampling can contaminate samples at the job site. During shipment 
and storage, volatile organics (particularly methylene chloride and fluorocarbons) can diffuse 
through the septum. A trip blank prepared from laboratory reagent water containing the sodium 
bisulfate preservative and carried through all sampling and handling serves as a check on 
contamination for the low level procedure. For the methanol preservation technique, a trip blank 
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6.2 

6.3 

6.4 

7.0 

7.1 

7.2 

7.3 

7.4 

must be prepared using purge and trap grade methanol which must then be processed through 
all sample preparation and analysis steps. 

To minimize contamination, the volatiles analysis laboratory must be free of solvents. The 
volatiles sample. storage area must be i.solate. d from atmospheric sources of methzn~oride 
and other solvents. Since methylene chloride will permeate through PTFE tubing, carrier 
gas lines and purge gas plumbing must be stainless steel or copper. ~lo · g iously 
exposed to methylene chloride fumes during semi-volatiles extraction can c ib to sample 
contamination and must not be worn into the volatiles laboratory. 

The sodium bisulfate preservative acts to lower sample pH which inhibiOcal degradation 
of aromatic compounds. However, under acidic conditions, highly ~pounds such as 
2-chloroethylvinyl ether are unstable and will be lost. Acid preserv ion c also degrade methyl
t-butyl ether (MtBE) to tert-butyl alcohol during purge and trap. ddi nal analytes affected 
include vinyl chloride, styrene and other fuel oxygenat~e. I ese analytes are to be 
reported, collect a second sample set without sodium ulfa preservative. Acidification of 
certain soil types with sodium bisulfate can produce ~n e a fact which is typically between 
0.025 and 0.100 mg/kg. 

For the appropriate corrective actions when e~nter~ ontamination, refer to TriMatrix SOP 
GR-03-124. v 
SAFETY PRECAUTIONS aw 
Wear a laboratory coat and ap s glasses while in the laboratory (the only exception is 
when entering data at a c inal). In addition, disposable gloves must be worn 
whenever samples or rea andled. 

Follow all instructions o · the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. 

7.4.3 

of reagents used in this procedure have not been 

Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

7.5 Waste samples can be highly toxic and varied. Treat any exposure as a potential danger and 
immediately decontaminate the exposure. Clean waste-contaminated personal protective 
equipment before using again. 

7.6 Bring all safety issues to the attention of the Area Supervisor and/or Health and Safety Officer. 
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8.0 

8.1 

8.2 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDURES 

The specific sample container required depends on the purge and trap system. TriMatrix 
Laboratories currently uses the needle sparge type purging device for all low level sts. This 
system requires a 40 ml borosilicate glass volatile organic analysis (VOA) vial. ~ 

The specific preparation for a sample vial depends on the expected conce~ti range with 
specific preparation techniques for low concentration soils, high concentr ti ils and solid 
waste. Sample vials must be prepared in the laboratory or other cont e nmentthen 
sealed and shipped to the collection site. Wear disposable glov duri the following 
preparation steps: r ~ 

8.2.1 Prepare vials used in the collection of low concentratio~mples that are to be 
preserved in the field as follows: A 
8.2.1.1 Add a clean magnetic stirring ~ar, ~van vial. · 

8.2.1.2 Add 5.0 ml of 20% sodium at preservative solution to each vial. 

8.2.1.3 

8.2.1.4 

8.2.1.5 

This should be suffici,to e~ a sample pH of <2 to prevent 
biodegradation. V 
Seal the vial witg~P septum lid. 

Affix a label o ch vi . This eliminates the need to label vials in the field 
and assu t al tare weight is included on the label. 

W.~~h~ pared vial to the nearest 0.01 g, record the tare weight and 
w~i~he abel. 

8.2.1.6 e volatile organics will partition into the vial headspace from the 

a ueous solution and will be lost when the vial is opened, surrogates, 
rix spikes and internal standards must only be added after sample has 

een added. This will be done automatically by the autosampler just prior r ~ to analysis. 

8~2.2 ~ level soil samples that are to be preserved by freezing, follow step 8.2.1.1, then 
teps 8.2.1.3 through 8.2.1.6 above. 

.... ~ 8.2.2.1 Preserv.ation by freezing to less than -7° C may be used unless otherwise 
·~ specified and is as follows: 

8.2.2.1.1 If freezing at collection, add sample to an empty sample 
container and freeze to less than -7° C until analysis. 

Note: When freezing, always place the sample 
container on its side to prevent the glass 
container from breaking. 
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8.3 

8.2.3 

8.2.4 

8.2.5 

8.2.2.1.2 Samples received by the laboratory unfrozen and at 0 - 6° C, 
and are within 48 hours of collection may be frozen to less 
than -7° C at the time of receipt. 

8.2.2.1.3 Allow samples to come to room temperature b•slysis. 
All samples must be analyzed within 14 days of c c n. 

8.2.2.1 .4 Thawed samples must be prepared and Ad wit in 24 
hours of thawing. ~ 

When high concentration samples are collected without a pa.e, a variety of 
sample containers may be employed including 40, 606~1ass jar with a 
PTFE liner. This collection technique must only be u d w sample solubility in 
methanol is questionable. 

The following steps apply for high concentratioAriples collected and preserved 
in the field with methanol as described in 7;v 
8.2.3.1 Use pre-tared 40, 60 or 125 mv screw cap lids and PFTE liners. 

8.2.3.2 To obtain the pre-tared w~ing~eigh the container with the label, lid and 
liner in place then r~~~¥~eight on the label to the nearest 0.01 g. 
The mass of thge~vle. 

8.2.3.3 Include a pu cH ed 1 ml ampoule of purge and trap methanol with each 
sample c a e. 

125 ml · "th a PTFE liner. 

When oily was~mp are known to be soluble in methanol, sample containers may 
be used as c d in Section 8.2.3, preserving with methanol. However, when methano~sol · "ty i nknown, collect the sample without preservative in a 40, 60 or 

Sample Colle~ 

8.3.1 ~1U.. pies according to the procedure outlined in the project sampling plan. In 
gene I, after a fresh surface of the solid material is exposed, collect a subsample in 

st amount of time and with as little disruption as possible to minimize the loss of 
o atiles. Use a metal or rigid plastic coring tool to collect the subsample. These 
evices help maintain sample structure during collection and transfer to the sample 
ontainer. When inserting the coring device into solid material, use care not to trap air 

· · behind the sample. If air is trapped, it can cause VOC loss by passing through the 
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sample or cause the sample to be pushed from coring device before a transfer can be 
made to the sample container. The following devices have been designed to prevent 
headspace during collection and are approved for sampling: 

8.3.1.1 EasyDraw Syringe™ with Powerstop Handle™ 

8.3.1.2 Terra Core™ 

8.3.1.3 En Core™ 
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8.3.2 Low level soil samples may be collected as follows: 

8.3.2.1 

8.3.2.2 

8.3.2.3 

8.3.2.4 

Collect approximately 5 g of soil using a coring device as described in 
Section 8.3.1. After taking the sample, remove the filled corer and quickly 
wipe the barrel with a clean disposable wipe. ~ ·· 

If a· sample is to be preserved at collection, add to a sam · r aining 
sodium bisulfate preservative by holding the sample j t angl then 
extrude into the container to minimize splashing. Quickl h or wipe the 
vial threads to remove residual soil and immedia e vial tightly 
with the septum screw cap. 

Note: An improper seal due to soil ~ain· g on the sample jar 
threads and improper lid tighten ar the primary factors in 
volatiles loss during sam ollec . This can also cause 
problems during an is preventing the vial from 
pressurizing duri~ne urg step, resulting in low or no 
recovery. 

If a sample is shipped to ~labo for preserving, cap the open end of 
the coring/storage device r e uring all sealing surfaces are clean then 
store and transport ~ 6° ~ 

Note: An AVcoreN is needed for each sample aliquot. 

~cted to contain target analytes over a wide 
llt,,llii.<llllll•me and high level samples are not being collected, collect 

sample aliquot in a low concentration preserved VOA vial 
· g ther than 5 g. If necessary, the low mass sample can be 

e r analytes in the 5 g sample that exceed the calibration range. 

8.3.a2 s that contain carbonate minerals may effervesce upon contact with 
ium bisulfate preservative. If the gas volume generated is small, 

olatiles loss may be minimal. However, if large gas volumes are 

() 

generated, volatiles are likely to be lost and the vial may rupture. If 
carbonate minerals are expected, collect a test sample to check for 
effervescence. If the sample effervesces when sodium bisulfate is added, 
discard the test sample and collect additional sample without preserving. 

~. ~ High level soil samples may be collected as follows: 

'V 8.3.3.1 Preserve in the field as follows: 

gr04105 1.4.doc 

8.3.3.1.1 Use a coring device to collect a 5 g, 10 g or 25 g sample as 
soon as possible after solid surface material is exposed. Wipe 
the exterior of the collection device with a clean disposable 
wipe. 

8.3,3.1.2 Quickly transfer to a 40 ml vial for 5 g or 10 g, or to a 60 or 
125 ml sample jar for a 25 g sample. 
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8.4 

8.3.3.1.3 Add a volume of methanol in a 1 :1 ratio of methanol volume to 
sample mass. 

8.3.3.2 Preserved in the laboratory as follows: 

8.3.3.2.1 If a sample is to be preserved in the laboratoiy. Mllct in an 

surfaces are clean and store at 0 - 6° C unti n ort. 
. Encore™ sampler, cap the open end. after e~~aling 

8.3.3.2.2 Upon receipt at the laboratory, the se be extruded 
from the Encore™ into a new sample r the weighed and a 
1 :1 ratio of methanol volume to ~.I lee~ added. Refer to 
Section 13.0 for detailed instruct""' 

Sample Storage · g 
8.4.1 Once in the laboratory, store samples at O~r fr ze to -7° C within 48 hours of 

collection) .until analysis. The volatiles s pl .t e area must be free of organic 
solvent vapors. . 

8.4.2 All. samples must be analyzed as so~s gC::ctical and within the designated holding 
time. Samples not analyzed wit~~~ time must be reported as exceeding the 
holding time. Results must g~'Vestimated minimum values. . 

8.4.4 When low concentration a les e strongly alkaline or highly calcareous, the sodium 
bisulfate preservative n not be strong enough to reduce pH to below 2. · 

8.4.4.1 ncentration soils are known or suspected to be strongly 
ghly calcareous, additional steps may be required for 
Such steps include: 

Addition of a larger sodium bisulfate preservative volume 

Storage at below -10° C (taking care not to fill the vial it breaks 
from expansion) 

8.4.4.1.3 Significantly reducing the maximum holding time~ 

The preservation used must be clearly described in the sampling and 
quality assurance (QA) project plan for distribution to both field and 
laboratory personnel. 

9.0 INSTRUMENTATION, APPARATUS, AND MATERIALS 

9.1 Sample containers are as follows: 

9.1.1 Vials, 20 or 40 ml with PTFE-lined septum-sealed screw cap lids 

gr04105 1.4.doc 

Note: Examine each vial prior to use to ensure the vial has a flat, uniform sealing 
surface. 
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9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.1.2 Glass borosilicate jars, 60 or 125 ml with PTFE-lined screw cap. lids 

EnCore"' sampler (EnNovative Technologies, Inc.) 

microSyringes, 100 and 1000 µl ~4. 
:i::::':ti:,~::::i.p;:E of the appropriate sizes to fit sample r0 
Balance, top-loading, capable of accurately weighing to 0.01 g 

Note: Stirring bars may be reused provided they are thoroughly~ between each use. 

Field equipment is as follows: A 
9.7.1 Terra Core"' sampler, EnNovative Techno~~~ 
9. 7.2 EasyDraw Syringe™ with Powerstop ndl~I Company 

9.7.3 ing to 0.01g 

10.1 There is no routine prev nance directly associated with this procedure. 

11.0 

11.1 

11.2 

11.3.2 Weigh 100 g of NaHS04 into a 500 ml volumetric flask. Mix to dissolve the NaHS04 
then· bring to volume with laboratory reagent water (OrQ~nic-free). Record the 
preparation in the laboratory information system (Element ) and/or in the reagent 
preparation logbook. Concentration is 20% (w/v) NaHS04. 

11.3.3 Expiration is 6 months from the date prepared. 
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11.4 

12.0 

12.1 

13.0 

13.1 

Refer to the appropriate analytical procedure for guidance on preparing internal standards and/or 
surrogates. 

STANDARDS PREPARATION ' . 

There are no analytical standards directly associated with this procedure. t') ~ 

SAMPLE PREPARATION· O" 
Prepare low level so. ils collected with an Encore sampler (5 g) as for ~ · . 

13.1.1 Place a 40 ml vial on the top-loading balance and tare w~p off. 

13.1.2 Empty the 5 g Encore sample into the vial. £'\. 
13.1.3 Weigh to the nearest 0.01 g and record on~ :,r~ 
13.1.4 Add the equivalent volume of 20% N~O¥vial to achieve a 1:1 ratio of sample 

mass to preservative volume. V 
13.1.5 Add a clean magnetic stir bi""'\~d seal the vial. 

13.1.6 Remember to attach the ~vial. 

Note: degrades 2-chloroethylvinyl ether. TriMatrix 
has demonstrated that this preservative will not give 
ality control recovery. 2-chloroethylvinyl ether is not 

hen sodium bisulfate is used. 

13.2 Prepare high I~ ollected with an Encore sampler (25 g) as follows: 

13.2.1 p~ sample jar on the top-loading balance and tare with the cap off. 

1~.2. ~the 25 g Encore sample into the jar 

1· · eigh to the nearest 0.01 g and record on the jar label. 

._ ~- Add the equivalent volume of methanol to the vial to achieve a 1 :1 ratio of sample mass 
~ to preservative volume then seal the jar. 

13.2.6 Remember to attach the label to the jar. 

13.2. 7 Shake the sample jar for 2 minutes. Then sonicate the jar for 20 minutes. 

13.2.8 After shaking and sonicating, place in a refrigerator at 0 - 6° C for one hour to let settle. 

13.2.9 After settling, carefully decant enough methanol extract to fill a 4 ml vial without 
headspace and seal with the septum screw cap. Store at O - 6° C until analysis. 
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13.3 Prepare high level soils pre-preserved in the field as follows: 

13.4 

13.3.1 

13.3.2 

13.3.4 

Weigh the sample jar containing soil sample and methanol, and record on the label. 

Enter the sample jar size and mass into the Volatile Soil Receip~\ 1rtrmation 
spreadsheet located on the laboratory intranet library (Attachments 1 and~ 

The. spreadsheet determines if additional methanol needs added Awhettier the 
sample can be used, as follows: " 

13.3.4.1 If the mass collected in ratio with the methanol ..01ess than a 1 :1 
ratio of sample to preservative, consult the ~st. The sample 
must be reported with a low weight narration · 

13.3.4.2 
jar volume, consult the project ch st. e sample may be rejected for 

analysis. ~ 

13.3.4.3 If the mass collected in ratio . e thanol added is greater than a 1 :1 
ratio of sample to prese tive, a e appropriate methanol volume. 

13.3.5 Shake the sample jar for 2 minut~en ~ cate for 20 minutes. 

13.3.6 After shaking and sonicatinA'Mtrigerator at 0 - 6° C for one hour to let settle. 

13.3.7 After settling, caref!:~ugh methanol extract to fill a 4 ml vial without 
headspace and se · ptum screw cap. Store at 0 - 6° C until analysis. 

13.4.1 Place a 2 on the top-loading balance and tare with the cap off. 

13.4.2 WeiA_ f sample to the nearest 0.01 g. 

13.4.3 ('!"ci ~f water-miscible solvent and quickly cap the vial. 

1~.4. ~ for 2 minutes. After shaking or sonicating, place in a refrigerator at 0 - 6° C for 
ne hour to let settle. 

. After settling, carefully decant enough of the mixture to fill a 4 ml vial without 
headspace and seal with the septum screw cap. A 1 :50 dilution in the water-miscible 
solvent will be made unless the analyst suspects higher volatile compound 
concentrations. 

Note: Oily samples that are not soluble in a water-miscible solvent are beyond 
the scope of this procedure. 

14.0 CALIBRATION PROCEDURES 

14.1 There are no calibration procedures directly associated with this procedure. 
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15.0 

15.1 

15.2 

ANALYTICAL PROCEDURE 

Analyze a low level soil as follows: \ · 

15.1.1 Remove the sample vial from storage and bring to room temperat~re ~e vial 
gently; to ensure the contents move freely and that stirring will be cti . Place the 
sample vial in the autosampler. 

15.1.2 For matrix spiked samples, add the matrix spiking solution dese·bed i the appropriate 

vary. 
analytical procedure. The spiking solution concentratioQ me inject.ed will 

15.1.3 Perform the qualitative and quantitative analys~·s · ord e with every step in the 
analytical procedure. · 

15.1.4 If any target analyte concentration exceed~h on range, reanalyze by the h.igh 
concentration procedure. Reanalysis n on address analytes exceeding the 
calibration range. '- ~ 

15.1.5 Alternatively, analyze the 1-2 g ~ple"W"ot if collected (Refer to Section 8.2.2. 7). 

sample analysis. 
Reanalysis need only addo exceeding the calibration range in the 5 g 

Analyze a high level soil or was o . · 

15.2.1 

15.2.2 For atrix 1 d samples, add the matrix spiking solution described in the appropriate 
ana ical cedure. The spiking solution concentration and the volume injected will 

1 ~a the qualitative and quantitative analysis in accordance with every step in the 
nalytical procedure. 

. If any target analyte concentration exceeds the calibration range, reanalyze by diluting 
a lesser amount of the solvent extract into a 50 ml volumetric flask. Reanalysis need 
only address analytes exceeding the calibration range. 

16.0 CALCULATIONS AND DATA HANDLING 

16.1 There are no analytical calculations directly associated with this procedure. 

17.0 DATA REPORTING AND DELIVERABLES· 
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17.1 

17.2 

18.0 

18.1 

19.0 

19.1 

20.0 

20.1 

20.2 

20.3 

20.4 

21.0 

21.1 

Volatiles Soil Receipt Information Spreadsheets are to be archived as raw data. 

· Refer to the analytical procedure for complete data reporting and deliverable requirements. 

QUALITY ASSURANCE -._ \ 

Refer to the analytical procedure for complete quality control/quality assuranceg,~· 
DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION . 0 
Refer to the analytical procedure for demonstration of capability s&:a~ instrument validation 
requirements. V 
POLLUTION PREVENTION / f::) 
Maintain an inventory of all chemicals used in the labv monitor their use. 

Never dispose of laboratory chemicals without fi~efer~cing appropriate written instructions of 
disposal for that particular material. "-.. ~y·. 

Conserve the use of chemicals where~V 
Comply with all environmental~~ with chemicals in the laboratory. 

21.2 To miniC]m·z t env· 
use only e i 

21.3 F~ tions in TriMatrix SOP GR-15-102 for laboratory waste disposal requirements. 

22.Q. ~~CES 
22. ~ Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, New Methods, 

Method 5035A, "Closed system Purge and trap and Extraction for Volatile. Organics in Soil and 
Waste Samples", Draft Revision 1, July 2002 

23.0 ATTACHMENTS 

23.1 Volatile Soil Sample Receipt Information Spreadsheet, Page 1 

23.2 Volatile Soil Sample Receipt Information Spreadsheet, Page 1 

gr04105 1.4.doc 
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23.3 Bulk Soil Collection and Preparation 
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Attachment 23.1 

Revision Number: 
Date Revised: 
Date Initiated: 

1.4 
8/6/12 
4/30/98 

Volatile Soil Sample Receipt Information Spreadsheet, Page 1 

A. TriMatrix 
... Laboratories. Inc. 

Volatile Soil Sample Receipt Information Sheet 
Client___________ Date Received: ____ O~S~/2~91~2~00~3 __ _ 

Project-Submittal: ____________ Date Form Completed: ____ l_l9_IO_Ji_2_00~J __ _ 

Low Level Soils' 

Were Samples Received in 40 mL VOA Vials Containing a Stir Bar and Pre-Preserved 1>ilh Sodinm Bisulfate? 

Were Samples Rccei\'ed Non-Preserved in Encore Samplers~ .... 

If Received in Encore Samplers, Was Sample Retei\•ed Within 48 Hours? 

Volatile Lab Informed That Samples Must Be Presen·ed AND Analyzed Within 48 Hours'! .... 

High Level Soil• 

Extra Sample Con1amers Recea\'ed for Dry We1gh1 De1enmnauon? 

MeOH Trip Blank Recel\'ed (1f MeOH not added from sealed ampules)'' 

Samples Collected 1n Which oftbe Follo"'mg Wa>s? 

Tared 4U 60 or I 20 ml Contamerv 

Follow-Up 

090JC.\.ls 

gr04105 1.4.doc 

Sheet Completed By: ___ -'tk-iM'-'-------

Shcct Reviewed By: 

No N/A 

:JD 
D . ..J LJ 
[] 0 0 
DOD 
Yes No N/A 

DOD 
[JD D 

[JD D 
I_] 0 0 

[J [] D 
..... LJ DD 

Yes No NIA 

.DOD 
[J [JD 

revi.sionCJO 
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Attachment 23.2 

Revision Number: 1.4 
Date Revised: 8/6/12 
Date Initiated: 4/30/98 

Volatile Soil Sample Receipt Information Spreadsheet, Page 2 

Client: Date Received: 08/29/2003 ---------
Project-Submittal: ---------- Date Form Completed: ___ 0_9/0_3_120_0_3 __ _ 

Client Tri.Matri1 v-..1su..: 
Sampl• Sa111ple 40,60, or Added: 

Idenlilication Nmubu 120mL ,Dm,Time 

:1 l4ll27 40 .' 

'·'· 
l4lli8 40 2l.6 lO Acc<pl Sample 

HllH 40 . 2l.6 '. 10 Accept Sample 

4 )4ll44 40 2l.3' lO Accept Sample 

Hll46 40 25.6 10 Acc<pt Sample 

6 Hll47 40 25.) 10.l 

7 J4ll48 40 2l.J 10.l AcC<pl Sample 
·.· ---- ---- ---

8· l4ll49' 40 10.2 Accept Sample 

.)4lll0 40 10.6 Accept Sample 

---·-·--

r~vision 0.0 
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1.0 

1.1 

2.0 

2.1 

2.2 

2.3 

3.0 

3.1 

3.2 

Attachment 23.3 
Bulk Soil Collection and Preparation 

SCOPE AND APPLICATION _ \ 

This procedure. describes the collection and preparation of bulk soils and se~i . ~latile 
organic compounds (VOC) analysis. Low level bulk soil analysis is no longer m recognized 
by the EPA as an acceptable option for VOCs. However, some states aR s still request 
bulk soil sample collection and analysis. v 
SUMMARY OF PROCEDURE c; 
Bulk soil samples are collected with minimal headspace ~·n 60 or 125 ml glass jars. After 
collection, samples must be stored at 0 - 6° C until trans to th aboratory. 

When received by the laboratory, samples remain re t ° C until the analyst transfers a 
1-5 g subsample to a new 40 ml vial containing a stir i reparation. 

The vial is then loaded onto the autosampler for~ 

INTERFERENCES AND CORRECT~VuRES 
Bulk soil sampling is inaccurat~ results that are biased low. Bulk samples can lose 
more than 90% voe con~r~ anmytical measurement. 

Reasons for such lo~s ~d~he following: 

3.2.1 Volatiliza xposure of the solid surface near the time of collection 

3.2.2 Vola fr m intermediate storage containers 

3.2.3. {v6ia~ from the disaggregation of the solid material during collection 

3~ ~zation from failed seals on sample jar lids 

& '-~Volatilization during laboratory subsampling 

~ Biodegradation (primarily aromatic compounds) during storage 

3.2. 7 Chemical reactions during storage 

4.0 SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDURES 
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4.1 

4.2 

4.3 

4.4 

4.5 

5.0 

5.1 

5.0 

6.1 

Attachment 23.3 (continued) 
Bulk Soil Collection and Preparation 

Solid samples are collected using a stainless steel spatula-type device to complete;;, fi~40, 60 
or 125 ml glass jar. · . · 

The sample container is then closed using PTFE-lined caps and stored a~- C with ice 
throughout the coll.action ev.ent, during transport to the laboratory anc:sd· orage at the 
laboratory until just prior to analysis. · 

The holding time for samples is 14 days froni the time of collection. r ~ 

If samples require high level preparation/analysis based on low lev~ or the sample matrix, 
a subsample must be extracted using methanol. ~ 

The. holding time for a methanol extract is also 14 d~e of collection. . 

INSTRUMENTATION, APPARATUS, AND MA~I~ 
Refer to Section 9.0 in the main body of thwv. 
SAMPLE PREPARATION L'l__ 0 
Prepare a low level samp~e .t~:-

6.1.1 From the~ri. · a. I s le container, remove a representative subsample and transfer to 
a tared 40 ml co aining a PTFE stir bar. Record the weight to the nearest 0.01 g. 
Use a 5 unless higher level concentrations are expected and a smaller 
aliq~~ d. 

Q
~o not use less than a 1 g sample aliquot. 

6~1.2 wipe any residual soil from the vial threads and seal then load onto the 
ent autosampler. The autosampler will add 10 ml of laboratory reagent water 

rganic-free) and applicable internal standards and/or surrogates immediately prior to 
the purge cycle. 

6.2 are a high level sample as follows: · 

6.2.1 If low level analysis results are outside the instrument calibration range or if the sample 
matrix indicates unsuitability for low level analyses, the sample requires high level 
preparation and analysis. 

6.2.2 From the original sample jar, remove a representative subsample and transfer to a 
tared 20 ml sample vial. Weigh out 5 g to the nearest 0.1 g and record on the label. 
Remove any residual 
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7.0 

7.1 

8.0 

8.1 

8.2 

8.3 

6.2.3 

Attachment 23.3 (continued) 
Bulk Soil Collection and Preparation 

sample from the vial threads and pipet in 5.0 ml of methanol. Cap ...... A lake the 
container by hand for 2 minutes. Place in the refrigerator at 0 - 6° C~o ~ 

Note: Some ~amples may require letting stand overnigtJo 1cient p. hase 
separation. . 

Once the phases separate, decant the methanol phaQo · 4 ml vial for 
storage. Store at 0 - 6° C until analysis. 

Note: The methanol must be withdrawn~e s pie within 24 hours of 
extracting the sample to keep extra ,Vs constant. 

CHEMICALS AND REAGENTS «:) 
Refer to Section 11.0 in the main body of the pr~ 

ANALYTICAL PROCEDURE Qw 
Once prepared, low level soils~ y loaded onto the purge and trap autosampler. 

The autosampler will a~a~~reagent water (organic-free), internal standards and 

surrogates. ~" 
If the results of the · e outside the calibration range, reanalyze as a high level sample as 

follows: Q 
8.3.1 6. .0 of extract into. a 50 ml volumetric flask approximately o/.i full of laboratory 

reag ater (organic-free). . 

8~ to volume with laboratory reagent water (organic-free). 

~ransfer to a 40 ml vial and place vial on autosampler for analysis. 

8.4 alysis of the high level preparation exceeds the calibration range, reanalyze by using an 
opriate smaller extract volume to dilute into the 50 ml volumetric flask or perform a serial 

dilution until response is with the calibration range. 

8.5 Follow the main body of the procedure to complete analysis and data reduction. 
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1.1 

1.2 

2.0 

2.1 

3.0 

3.1 

3.2 

4.0 

4.1 

page 2of14 

SCOPE AND APPLICATION 

This procedure is applicable to approximating . organic carbon in non-carbonized soils and 
sediments, with a zero average organic carbon oxidation state. .·'"~ 

- i 

The minimum reporting limit is 0.1 % (dry weight) as organic carbon accordir:!~:f6~fh~t.J~llowing 
method requirements: , .. (t ''11 f? 

Minimum Reporting Limit, % C0 = ~1~0~m"'"'-C~0-+_..;.1~00~~~·-
10g Soil 

PRINCIPLE METHOD REFERENCES 

·~~~~;~:< 
··s~.~_,--· 

Methods of Soil Analysis Part 2, Chemical and Microbiologfg!J/tpr;operties, zid Edition, Number 9 
(Part 2), Agronomy, 1982, Section 29-3.5.2, "Walkley-B_lc:1cK'1f.?roc~~ure" 

'i( >~ -:.\t;.-f 
SUMMARY OF PROCEDURE ; 

·)~ 

--:~~,;-

. ,,~{?~~~<~ 

Organic carbon is determined by an oxidaJjon-reciCTcttol reaction in which potassium dichromate 
is added to a sample, followed by additjon'L'oJ cor\_centrated sulfuric acid. Dichromate (Cr20/·) 
oxidizes organic carbon to C02 in an c:icldit'\me'aJIJm as follows: . 

,- ;,:":, '? 

\f~~ ,·~ 

"4<::r3
• +:BC02 + 8H20 '.;, ·J •><f • 

. -,;~.~ "'~.:;}~t-~ /'~~1::~1;~;;. .. ;,,;~1:-•' 
The reduced dichromate is,:.quarititatively related to oxidized organic carbon. Any remaining 
Cr2012· is reduced by F~{( froh,), the".'ierrous sulfate titrant. The endpoint at which all Cr2012· has 
been reduced is indicateo"l:>Y the',maroon color of an o-phenanthroline ferroin indicator. 

6Fe2• + Cr20/· +;.+4H{:-, '" __. 2Cr3
• + 6Fe3

• + 7H20 
{ '·':"•• .,,_ . 

PARAMETER ~R c6~P,~UND LIST 
: _( :,:~14;:~.~->-',:-

"' \ Organic,, C~J,bon } 

,r;\:!.\b' ,,:;;;:'.'·:~~'5--
5. 0 REFERENCED SOPS 

,,-:o/~.,,. ·~ . t,...--

5.1 ''\Tdfv!~trix SOP GR-15-109, Laboratory Waste Disposal, latest revision 
"'-<'F-Z'="_ .. 

5.2 TriMatrix SOP GR-10-125, Method Detection Limit (MDL), latest revision 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

6.1 Significant chloride (Cr) concentration in soil will give a positive error. 
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6.3 

6.4 

7.0 

7.1 

7.2 

7.3 
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Fe2
+ in soil will also give a positive error. Oven drying soils at 103 to 105° C oxidizes Fe2

+ to Fe3
+ 

and a more accurate organic carbon result can be determined. To minimize interference from 
Fe0

, samples must not be ground or sieved with ferrous equipment. 

Manganese oxide (Mn02) may give a negative error. However, only a small percentage of the 
total Mn02 actually takes part in the redox reaction. This reaction error shoulq:',n2t,,pe serious 
enough to need correcting for most matrices. ~~,".t,,,';;;:;T"', . 

.... ¢::'!~~" ·»- -

-~3~. ~\~~ ;rr 
Analysis of carbonized materials such as charcoal, graphite; coal, an5L~o6hd~ntaining large 
quantities of elemental carbon is beyond the scope of this procedure. ~pil ari'i:!_!ysi;s,must only be 
performed on soil or sediment presumed to have an average carbon.Q~id_~,tion slate of zero. 

,:/" . ''.;~\"::-:::-.1;:~,i;:/ 

SAFETY PRECAUTIONS 

g 
~b .. 
"-'·lt. 11 
''<,,.~~~;P.:fJj"Jf1 

•'~;'~~i-

Wear a laboratory coat and approved safety glass~,f~.Q!le.,I~ the laboratory. In addition, 
disposable gloves must be worn whenever samples qr reagents ~re handled . 

... ~c>;~i,_ ,'f:.l·, \ :J"T!·-

Follow all instructions outlined in the TriMatrix l,.abora~dfy,.,$~fety Manual and Chemical Hygiene 
Plan. ...,,.,,ii,,. \, J 

. ___.~~. .,,:1:.:~.~~~-,;i~-: J 

For laboratory waste disposal, refer to TriMatrix SOP,GR-15-102. 
/'·''."'F~~; .. ·~'L,~ti/' 

The total toxicity and/or carcinogenj,C?ity of.;~ reagents used in this procedure have not been 
precisely defined. . .. •"':L'i:, f<;~; •.. }' 

~· . ' "f;t..;~•;'' 

,;:..'. .. -'~~~.l<~, j~?-"'tj---o:-- -

Treat all chemicals' as a'potential health hazard. 
.. /:"''":-!~~ '··;;~~i:i'· 

Reduce expos~re {J!~~t~e' lowest possible level by adherence to established safety 
policies . . -'1~,,,~_,_ \ · 

. ··1·\. "'-'~":,,;_'f?.~:&~ 

7.4.1 

7.4.2 

,,,1/~;-.,_1~~~··3. ., '· 

7.4.3 Mater,ial Saf~tYiData Sheets are maintained on the laboratory intranet of all chemicals 
l!?.e~'!P this pro.cedure. Consult the MSDS for detailed chemical information. 
,., • ;,~: ~~ •• i 

Wast~~sa~ples c,~~""~e highly toxic and varied. Treat any exposure as a potential danger and 
immediat~IY'1,c;tecbntaminate the exposure. Clean waste-contaminated personal protective 
e.qtiiR'mer:it:1before using again. 
,...,,~.:\' :·-'·: ~ 

7.6 J~, Brillg, alitsafety issues to the attention of the Area Supervisor and/or Health and Safety Officer. 
"'~;~,:,,,,,~ ,/:1 

8.0 SAMPLE SIZE, COLLECTION, PRESERVATION, AND HANDLING PROCEDURES 

8.1 Soils must be collected in inert bottles (plastic or glass), with no preservative added. 

8.2 Analysis must be performed within 28 days of sample collection. 

9.0 INSTRUMENTATION, APPARATUS, AND MATERIALS 
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Surette, 50 ml, type A 

Erlenmeyer flasks, 500 ml 

Type A volumetric pipet, 10 ml 

Sieve (non-ferrous), 0.5 mm 

Stir bars 
.•' 

Stir plate, unheated A~'.\~,, };, '}'·· 
_ ... _,,__ 1;::;1!:~:_..;..f.'<.•' 

Balance, top loading, capable of weighing to':?lt leasJ 0.01 g 
{.. <rc~1'.t:;·u~f~-/ . 

ROUTINE PREVENTIVE MAINTENANCE ) 

Revision Number: 2.5 
Date Revised: 9/22/11 
Date Initiated: 7/29/97 

10.1 
. __ ./J.~,, :?~,.,., ~'~" 

There is no preventive main~eharic~,dire;ctly associated with this procedure. 

1 4,' ·~;t1\t\~'·Y ~?:·,.-
11.0 

11.1 

11.2 

CHEMICALS AND,REAGENTS .· 
,,;ll,:/l,:q,);·,,%'.;:~~-:~-"'!:~:2.i"",:~;< 

Laboratory reagent W~te'r:;;ASTM Type II, Milli-a system 
'~ ~~~~ "-~ . 

Potassiurg'ci'i~t,;6mateu(K2Cr201), ACS, 1 N 
. ~~ 

11.2.1 '\\}Hs·~c-;WOO ml volumetric flask, dissolve 49.04 g of ACS grade K2Cr20 7 (dried at 103 -
.• ('<t:::~'lif.>01,1Jl,5° c) 

''~"' 11.2:2 \ •. ,.,Dissolve the dichromate by mixing or swirling, then dilute to volume with laboratory 
~-,, -~ reagent water. 

';-t;f.;.;~l;..;:f 

11.2.3 Expiration is six months from the date made. 

11.3 Sulfuric acid (H2S04), concentrated (18M), ACS 

11.4 Ferroin indicator (0.025 M Phenanthroline Ferrous Sulfate Complex), purchased commercially 

11.5 Ferrous sulfate heptahydrate (FeS04·7H20) ACS grade solution (0.5N) 
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11.5.1 In a 1000 ml volumetric flask, dissolve 140 g FeS04· 7H20 in laboratory reagent water. 

11.5.2 Add 15 ml of concentrated H2S04. 

11.5.3 Cool and dilute to volume with laboratory reagent water. "~ 
' .---:.(. ..,.; 

11.5.4 Expiration is three months from the date made unless the normalitx~§~~cl<'1C>JJ>ection 
14.2 is unacceptable. .~~., '·\p :·;" 

.. ~ ~~t.f:" 

11 .6 Potassium hydrogen phthalate or KHP (HOOC-C6H4-COOK), acidimetri~-~~r.id~rd ACS, oven-

dried · /,)t..,. ~~~1~;;;.~,) • 

11 .6.1 Place approximately 25 g KHP in a glass beaker and dr/~§!t 103-~ 05° C for 2 hours. 
"!;~~{-ih,. -<i-:l 

11.6.2 Remove from the oven and immediately place'"1ti:t-,a de'~·iccator. Cool to room 
temperature in the desiccator then transfer to.~ ~Pe.rman'~nt storage bottle. 

_,.l/--·'---,~ -~\~h.::·F 
11.6.3 Dried KHP will not need re-dried if storeo1r.,in'''the aesiccator and is only opened to 

remove material. ... ,1.:.~. '·,;;;~'(,;.,.• .J' 
·~· } 

11.6.4 Dispose of and replace dried KH,~, ann~~fiY.:,,,.l 
'-'<.-';._,_ -~- f' 

11 . 7 Ottawa sand - dried @ 550°c for 1 ho~(w1't"il:1:'~;~,\1iP'} 
·;~.. 'i')_ ' 

"•> ''" .J:,7.\?~:-. . ~~:,·0> _; 

12.0 STANDARDS PREPARATION;'\", 1,, ··c:s/' 
,~{~;,~~. '~Y~f:~-.--~~~-~~,. 

12.1 Laboratory control sam111e' (1.Q,006'rhg/L C0
): Dissolve 2.128 g oven-dried KHP in a 100 ml 

volumetric flask with laoor~tory':h=lagent water. Dilute to volume with reagent water and store at 0 
- 6° C in an amber bottle."'Expiration is six months from the date made . 

. •'"~~~>.::,:~··Ci.'C)~>', TM 
12.2 Record all stari~ard''pr;~pqrations in the LIMS system (Element ), each with a unique ID number. 

Refer to Attac;ti'fr;!~nt 2q.1 for an example of analytical standards record. 
s/ -~::;~~~.r/'" 
1}. 

__ .. -;~,. "-~~..... ·-

13.0 SAMPLE.~PRl;BARA TION 
:1£, ..• ;;~;~~'.l:;.~~::$'.z~g~{s~'"' 

13.1 Sa1T1ples must be dried at 103 - 105° C until sufficiently dry to be ground into powder and sieved. 
Aft, Typiq~lly;· the drying time is overnight. Record drying time data on the raw data spreadsheet 

·~i(refer4to Attachment 23.2), including the following: 
·i:i'f~ .. :~~, .. 

13.1.1 Balance used 

13.1.2 Date and time oven drying begins 

13.1.3 Date and time oven-drying ends 

13.1.4 Dish mass, in g 
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13.1.5 Pre-dried soil and dish mass, in g 

13.1.6 Post-dried soil and dish mass, in g 

Grind the dried soil in a porcelain mortal and pestle. 

After grinding, pass through a 0.5 mm non-ferrous sieve. 

Subsample the sieved material for analysis. 

CALIBRATION PROCEDURES 
.,._,"i;:;f',,,, 

;/ 
<i_ 
'.;~o:. J 

Perform a titration blank (without soil or Ottawa sand) before processing .. samples to standardize 
the ferrous sulfate normality as follows: J"""":'1 '"°"~~;-_ ~--

< __ ••• ;~~;}·~- '\~ 

14.1.1 Add 10.0 ml of 1 N K2Cr201 to a 500 ml Erle'ilrnel~tJlagk. 
,"':,~;'.h;s·,:,·:'~~-,_ ~\' ·:_;:.i · 

14.1.2 Carefully add 20 ml of concentratt;~; H2SO'i~'~,9_ir~cting the stream into the solution. 
Immediately, swirl gently until the reag~nts 'mix. This must be done inside a fume 
hood. ;{ --·:1;,:•

0
,_j'' 

- ·-~ ·f;~);;;. -~- ,. 

14.1.3 Let the flask sit for approximately, 3-0.,rninutes then add 200 ml of laboratory reagent 
water. ~' ':t~ / 

"-<;-"{. ' 

.Ji:J:JtJ\ . -';}+,_, . /t 

14.1.4 Add 5-10 drops ofJerr,gi~agfl_is1)for and titrate with 0.5N FeS04. The solution will turn 
bluish-green whe,r;(appro~~~ing the endpoint. When the solution turns dark green, add 
titrant dropwis7\~ritH,:!he color changes sharply to maroon, which is the endpoint. -

·'"'°:'. ''-J_t· 

'~\ -~~2~·.f' 

14.1.5 Read anc;i.r,t~Rr&-Jg~ titrant volume used to at least the nearest 0.05 ml. 

14.2 If titrant normalify,.j~$1flotb~p00 ±0.05N, clean the burette and remake the titrant solution and/or the 
r_,_ : .• :, .• 

1 N K2Cr20r,._;. __ ~,), -~ l' - --;,,;\;,~,_,,./' 

14.3 Calcutl:lte;f.E;lrrous _sulfate normality based on the blank (refer to section 16.2). 

K;~~I'.~,,:,:~i;;~~i~:;~./ -
15.0 ____ ~~AlXJ~_CAL PROCEDURE 

-""""-~!~, '\, . . 
15.1 '''cT,ran§fer up to 10.00 g of sieved material containing 10 to 25 mg organic carbon to a 500 ml 

Erlenmeyer flask. -

15.2 Pipette 10.0 ml of 1N K2Cr20 7 into the flask and gently swirl to disperse the soil into a 
suspension. 

15.3 Carefully add 20 ml of concentrated H2S04, directing the stream into the suspension. 
Immediately, swirl gently until the soil and reagents mix. Place the flask on a magnetic plate, add 
a stir bar, and stir for one minute. This must be done inside a fume hood. 
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Let the flask sit for approximately 30 minutes. 

After 30 minutes add 200 ml of laboratory reagent water. At this point filter the suspension if the 
endpoint will not be clearly discernable. 

.;r.i 
Add 5-10 drops of ferroin indicator and titrate with 0.5N FeS04. The solution will turn bluish
green when approaching the endpoint. When the solution turns dark green, ad1;Ctiffan\dropwise 
until the color changes sharply to maroon. A('~"\} }'" 

"*'f.,/ 
Repeat a titration with less sample if less than 4.0 ml of titrant is used tqtf~~~n:11~i1endpoint. 

~ ,&.t, \5~~~ -~~11 .· 
All results must be recorded on the raw data spreadsheet (Ref~~t to Att~Q.hment 23.2). After 
titration is complete, empty the flask contents into the waste bottle l~beled !'TOC soil waste", to be 
disposed of as dichromate waste. Make sure waste bottles are il!ibeled as dichromate waste, 
with the date filled on the label as well. · '~2'W,tii,. . .... -

'··~ t1 

_ .... ~-~-'.,_ {'.::'1 

';;, ,,~ . ~" .,~~~:'.!'){ 
CALCULATIONS AND DATA HANDLING 

.tJ.fi!~ ~~~~:~;/'"'' 
All measurements and reagents used must be r~Qorde~Jon the raw data spreadsheet (refer to 
Attachment 23.2). Data must then be ent~red intO',~,,spreadsheet (refer to Attachment 23.3) to 
calculate the final concentration. The sprea'd~4heef~dtfplicates the logbook format for ease of data 
entry. (""'"~~'\:.."'Q,\ij:/"' 

Normality of the FeS04 titrant is,det~r~iq~qftom the standardization as follows: 

. . A;:~l'~!~;'~::::i;;cx' .... 
normahtyof FeS0 4 t1trant ., ,,,, . ."'· 

: mL oLtitrant 
~ "'f;,·:,.:, ·{)~~~/ 

Percent organic carbo'Q'isr~~IGulated by the spreadsheet, as follows: 
\;r. . .t.'.l<O;/£},~t-., '·;·1~. 

Organic c, o/J .. ~~~ •. - (N~F·~lity of FeSO 4 ~ mL ~f FeSO 4 )](0.003)(100) x 
1 

_
3 

·' ·•:~\"""'' g dned soil 
. l . 

. ::\. 'rim. 1 
Note: .. ,,""Tfie,BS should not include the 1.3 correction factor 

.' ,.'.:,1{f{,~l~~'.-\-:r:.xt~}b;, 
__ ,;.~ 

';.:{... "' . .,, 

17.0:·1'~ .. DATA REPORTING AND DELIVERABLES 
.f-Jt- j'~ 

17 .1 ·+;A~f';ollowing must be recorded on the preparation batch report or elsewhere for each batch 
analyzed: 

17 .1.1 The BS, BLK, DUP and sample final concentration with units. 

17 .1.2 Work order, date prepared, analyst, initials of the peer reviewer, stoc.k standard 
numbers. 

17.1.3 Any batch comments that need made. 
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Refer to Attachment 23.4 for a preparation batch report example. 

QUALITY ASSURANCE ,,££,-,~~\ 
Method quality control (QC) must be analyzed with each analysis batch of ~J;i" fo' 20'r-~amples. 
Matrix QC must be analyzed every 1 O samples or with each analysis bat,s'1 . ..,'qf less'Hhan 1 O 
samples, whichever is more frequent. /~'~, ''1~1( 

. ~· ~s~%, ·i;:·~~ 

18.1.1 

%Co 

18.1.2 

Method QC consists of the Blank Spike(BS) and a method,):!La~t\(Bl~)· · 

18.1.1.1 
;{ '~~'.f:.~:~~;'l.i.~'=-

The approved BS is 1.0 ml of 10,000 mg/,l c0 (refer to Section 12.1) 
pipetted into a 500 ml Erlenmeyer fl~~'~ conta[!jng 1 .0 g of dried Ottawa 
sand and analyzed as a sample;· '•-tt;i.e expected value is 1.0 %. 
Acceptance limits are the contrq! limits li~t~d in Element. The expected 

"''"' ? ~ 
value is calculated as follows: .-::·· ·\ .,"f.>~·-·"' 

. ·'"":\.,~('' h /' 
mole KHP _,1 8 mole C;k. 12.011 C0 2.128 KHP 1.0 ml 100% 

204.23 g KHP "'.tmole K~P.J" mole C 

,. - -.. ;-~~f .. ·." ........ ..:.=-"'/' :') /<+.. ''-',• 

100 ml 1.0 g Sand 

J, '":. . . ' 

18.1.1.2 A BlK is 1 O g;1dHeete;,Ott~-~~- sand analyzed as a sample. Blank results 
must be less (ban ttl~ reporting limit. If a blank is not less than the 
reporting )ir:Tl\~. :~_qfil~ess the contamination problem then perform an 
acceptable.blank. 

A<'"· . "\~(,~''"~.?· 
Matrix QC co~,si$ts''qf a digestion/titration duplicate (DUP). 

,· .. :~.~~. .,_~~' 

18.1.2.1 .. 0:1;;~,Q,hl~is a second aliquot of dried sample analyzed the same as the first. 
, .• ·,-f:i,':t3'1'··.,, ·~·\<, 

18.1.2.2 ·:;~Acceptance limits for DUP percent difference are the control limits listed in 
'· 1~• ··E·- le'm. ent™ 

~·-"''···. '"'~ ~ . 
ii'" .. ,.1~j-~~~-,z_~,,c ~ 

1~-o. ' /. "~- .I 
19.0 DEMONSJ~JIONS OF CAPABILITY/METHOD VALIDATION 

,.( .:!t;~~~=.\{<_;.::fi~;)j3.:(\4_ . 

19.1 . Before,9ctual sample analysis, each analyst must demonstrate an ability to generate acceptable 
,~t. accuracy' and precision by running an Initial Demonstration of Capability (IDC) study. A 

'\GonW1uing Demonstration of Capability (CDC) is required annually . ... ,.,.,,,,')C ... 

19.1.1 
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Initial Demonstration of Capability 

19.1.1.1 Prepare and analyze four blank spikes as samples (Section 18.1 .1.1 ). 
Process the four spikes following every step in the procedure. Calculate 
average percent recovery and relative standard deviation of the average. 
Average percent recoveQ' must be between within the BS acceptability 
window listed in Element . Relative standard deviation must be less than 
20%. 
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19 .1 .1.2 If either criterion is not met, locate and correct the problem and repeat the 
study. Repeated failure however, will confirm a general problem with the 
procedure and/or techniques used. If this occurs, correct the procedure or 
techniques and repeat the study successfully. A-

" 1. 1{ "i\ 

19.1.1.3 Samples may not be analyzed by any analyst until an inj!i~'"aerrl~11~tration 
of capability study has been successfully completed. C,QJ)i~s of successful -
IDC spreadsheets must be submitted to the Quality~A~!'.'Lir<3,nce Department 

• . • ii ~ . .,,.,~"- ···fttj:. 

19 1 .2 Continuing :m:~::~:ti::c:f::P::~i: (CDC) (~' \.,J ··~ 
~A% l 

19.1.2.1 A CDC study must be performed annually~l;,by,,vall analysts using this 
procedure. · ·"'!ir;n.1,,~, -·· · 

,~+?_"-. U< 

,if., -~~~. !~ 
19.1.2.2 The CDC study may be completed By.:;repeating the. IDC, by processing 

four consecutive BS results ·obtai~ed. frbm routine sample analysis, by 
"'\,.,..,._ :P 

using the last four results_ from th~. annual MDL study or by successfully 
analyzing a performance·'t~sting s~udy result. 

;»,-,. ,:S 

.. -:( ,_.;,_~~~~,:/'' 

19.1.2.3 Input CDC data tq tfle,_same. demonstration of capability spreadsheet and 
submit to the Q~alitY(bssY.E~nce Department for training documentation. 

;~~ ·--~~ ~-

19. 2 A Method Detection Limit (MDL,.),·~tu8y:)s rJquired annually in accordance with TriMatrix SOP 
GR 10 125 .. L ri ···""'-

- - . .;.: "''.\;)~?--.-_.:·~·:· 
-- /'~:~~'- 1? 

20.0 POLLUTION PREVENTiON -,,,~,,.-
-,J. .··' 

.... d·:t~/fil.R;~ %-.:-.-;~~t.>. 
20.1 Maintain an inveptory bf.all Cti'emicals used in the laboratory to monitor their use. 

cf "Ji;~;;., ;c-· -
20.2 Never dispq_s_e 'qf labor,atory chemicals without first referencing appropriate written instructions of 

~:- ; ·,.,.::"t :' 
disposal f~r that particular material. 

. _,:~{ ~:~\. -~ 
20.3 Conser\/e)lie;:,IJSe of chemicals where applicable. 

~i, r Nt::t1.::~;-~ ~~!~~'.~~~:;~, 
20.4 Comply with all environmental laws associated with chemicals in the laboratory . 

.• / ~ -~;.,I" 

/~·~~~~,\~, 5. 

~~h.... ,../ 

21.0 W~STE MANAGEMENT 

21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. 
Material safety data sheets are located on the laboratory intranet library. 

21.2 To minimize the environmental impact and costs associated with chemical disposal, order and 
use only the minimum amount of material required. 
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Follow all instructions outlined in Tri Matrix SOP GR-15-102 for laboratory waste disposal 
requirements. 

REFERENCES 4 
>;~~ \. 

Methods of Soil Analysis Part 2, Chemical and Microbiological Properties, ;td _E,ciHlBfi;i!!N_umber 9 
(Part 2), Agronomy, 1982, Section 29-3.5.2, "Walkley-Black Procedure" "t(~,,~ -~~~ 

··~~ ,.\"" 

ATTACHMENTS /'(~:'\' 
Analytical Standards Record Example ·i'~- } 

~:~,,,_-~,7:" 

Raw Data Example 

Calculation Spreadsheet Example 

Preparation Batch Report Example 
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Analytical Standards Record Example 

oe~criplioo: 
s1~ndarllT)pe:_ 

.s0Jven1: 
Firial'VolilnicJmls): ·. 

-Vials: 

.Analyie 

UV~254 

: T.oc ·t o.ooo~i>i'vl, 
. ~~1)1~ Spike . . 
: S~i~erit LOI II 
100' 
I 

• Totai OrganiC Carbon 

prgani~_Cartion 

. ~ar~; f cital_ qr~l!l1ic · 

gr06105 2.5.doc 

,·Ariah'dc11l·Standa1•tiRecont· ... - . - ·:.·· -· , .... 

. trl.Matris: l.oi:foratci'rit>~· inc;· 
, 1'0,0181 · 

. ·_ E.~i>ires: .. 
··l'fep;ii-~: 

. Prep-iicdB)~ 
DCpai1nim1; 
La•t EJil: 

· Dee-IS;jt, -.... ,/~~;~.'~_.· .•. '.·-~--.~ .•. ~.-~:.L.".··.· .. ·.·· . iu"n"1S:,1 .... ' " • " • 
Heiithci:L Brady \\~ -~~ -" 

· Inorganic~ wcf(:hciiiis\ij . } 
·1ui,m~•i 14isJ by la~~·"'"" 

' ~ . ";,~\ . , ~· 

10009. 

'10000' 

ppm 
pp1n 

··:ppm· 

ppm 
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Attachment 23.2 
Raw Data Example 

~TriMatrix 
.,. Laboratories. Inc. . \~ 

,..:1 "i 

Walkley-Black Total Organic Carbon in Soil ..:•('·"~;!:'tt~z,;o,-~"'~,,. 
Analyst: oarc Batch 6Pdnc.!i: r I l -aw-oS 

DateJTime/Temperature Oven Drying Began: q: 00 I 03'.°C tSU'/i'Crv,!sd~:;,,_,, .. =-=Ji~b~--
DateJTime/Temperature Oven Drying Ended: j{)'IPG lnsiru..:.ent N:iii!Jcr: 'ff.?' l')Lp 

··6• 

_,,.;?i!l:·.._, ;t~\,_ >! .r. ml.. l';i:arr.~JJsCd: 010. 3 
Fcnuu~~~lfate Nfrmality =f 'j/fi:< ii · .... . -;'I .· N Iii Fe2+ - 10 rrl.. 02072- !NO 0 2-

orna y - " n:L Fe l+ x 2 7 

Sample Dish 
Number (g) 

H.3'1 
11.57 
11. 'SS" 
II. 3'il 

II. '6S" 
I I.IS' 
' \ • '3'11 

~ 
-{; 

. ''i'?\. J; 
Fermin 'ln~!.:~.at.Or: 

Ferrous Sulfate: 

file: TOC Soit_ wa.lklcy-black 

· Reagent and Standard Numbers 

.It.J6!.l.S'Q _I~ Potassium Dichromate: ;J:NftS.IJll-1'-} 

0~~ I Spike Standard: x:lJ;)4.to'7-I H,so. Lot#: 

paga: L of l revision 09113107 
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Attachment 23.3 
Calculation Spreadsheet Example 

Date/Time/Temperature Oven Dryinf! Bef!an: 

Date/Time/Temperature Oven Drying Ended: 
~----------~ 

Balance Used: 

Revision Number: 
Date Revised: 
Date Initiated: 

2.5 
9/22/11 
7129197 

Sample 
Number 

Dish 

(g) 

:-:-:-:·::::::::::::::::::::::.:: ~l-~-w---. ~:- :,~',f;,.,f! 
g or Soll+ Dish g or Soll +Dish ::)z:~ICu:lated · : g ot.Ove•i·Drted mL or Tltraot 

·.·.·-·-·.-_-_-_._·,·.-.-.-.·---· 
>>i-ti;J.o*'ie.i /< 
> (:olacen_ir&iitin 
<:;::::(%)':::::·: . 

..... ~,.. "\'"' 
~~~).. -~ 

FerroinAndicator: 
:.·;;:-r'i· 

Ferrous Sulfate: 

file: TOC Sotl_walk.ley-blackxls 

gr06105 2.5.doc 

Before Drying After Drying .:Pei.-CeiitS~ldi{ ,S~mple U~~d Used 
: : :::::::::::::::::::::::::> ·~1. ....~~~ -~ ··········· 

Reagent and Standard Nnmbe1-s 

Potassium Dichromate: -------
H,so, L-Ot #: Spike Standard: 
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Attachment 23.4 
Preparation Batch Report Example 

Tri.'.jatrix Laboratories, Inc. PREPARATION BATCH I 06068771 Page I of I 

Inorganic· Wet Chemistry, Soil, Method-Specific Preparation 
(No Swrogate) 

l:m 
LONI/Iba 

oa&77-BIJ(1 

oae77-0UP1 

oa&77-BS1 

OSMl877-MS1 

080Ql2.()1 

CIKl8082.Q2 

0808082-03 

0608082-04 

080lll82.()5 

OSJe082.08 

0608082.()7 

0606082.()8 

OQl82.()9 

oalllOlrl-10 

IJ60e082. 1 1 

OllDllJ82.12 

0806082-13 

Amlm 
· TOC MSA29-3.5.2 

Cllllll ,.,,,,.,. 
. Jill.1&08 08:00 

Jill.1&08 08:00 

Jun.1&08 08:00 

Jlll-1&0808."00 

A Jill.1&08 08:00 

A J111-1&08 08:00 

A Jill.1&0808:00 

A 

A 

A J111-1&08 08:00 

A J111-1&0808:00 

A Jllt-1&08 08:00 

A Jill.1&08 08:00 

A Jln.1&08 08.1lO 

., 
Hl.B 

HlB 

HLB 

HlB 

H1B 

HLB 

Hl.B 

HLB 

HlB 

Hl.B 

Hl.B 

HLB 

Hl.B 

HLB 

lnltW ,,,,. 
(I) (llij 

10 10 

0.98 0.98 

0.5 0.5 

0.97 0.97 

1.01 1.01 

0.97 0.97 

0.98 0.98 

1.13 1.13 

0.3 0.3 

G.88 0.88 

0.91 0.91 

1.14 1:.!4 -· 
o~ : 0.34 ~" 

0.87\ 0.87 
' 

A J111-1&0llO&m HLBt ~0.4~-l )J~:'! 

A Jwl.1&0808."00, .~HI.BJ:. , 0:38, Q.38 

A Jllt-1&0808:00,\ HLB s;1n.t ' 1.04 

OllDllJ82.14 A Jill.1~08:00. ~111:8 _,o'.85 0.85 

0806082-15 A Jtll.!6.'0908:00 Hi.a- 0.74 0.74 

. OllDllJ82.18 A \Mi-18-0808.'00 ,;HlB 0.85 0.85 

Barch CollllllClllS: (oone) 

/·L 
; i~;:, 

/( ' ·~:1''' 

Ii~~" '} 
""~\, -·-.·~·r 

...... --~~--~ ,,. 

oalllOlrl-17 /i~JJ.t .:.J.!t!~OB."00 Hl.B 0.74 0.74 -

~OllDllJ82.~~1-B_··+··~~.A-·_,~~Jill.~1&08 __ 08:00~+-Hl.B--l~0.-•-+-0-.68-+----l--..;_-+----l~---liiiillliliiii" 
ORJ82~1~ k. Jili'1&0ll 08:00 Hl.B 0.99 0.99 

OOOSl82-3f(':; . A} Jln.1&0808:00 HLB 1.1 . 1.1 

1~: 
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1.0 SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

2.0 

2.1 

2.2 

3.0 

3.1 

This procedure is applicable to drinking water, ground water, wastewater and wastes with greater 
than a 20% water phase by volume. 

The effective measurement range is 2.0to12.5 pH units. ~ 
The minimum reporting limit is 2.0 pH units. n 
Note: Results of pH less than 2.0 or greater than 12.5 might indicatee~source to be 

hazardous for corrosivity and/or not a permitted effluent. Con quen , the laboratory 
only reports such samples as "< 2.0" or "> 12.5" baserh! le and analysis 
calibration limits of the pH instrument. V 

PRINCIPLE METHOD REFERENCES A 
Test Methods for Evaluating Solid Waste, Physica11~7~ods, SW-846, 3d Edition, Final 
Update 1118, Revision 3, November, 2004, Method 90VElectrometric Measurement" 

Standard Methods for the Examination of Wate~d ~stewater, 2dh Edition, 1998, 4500-H+ B, 
""pH Value, Electrometric Method" ~ "V 

SUMMARY OF PROCEDURE 0 
electrode and pH meter. :·~~ 

. . 

Sample pH is measured~o ~lly using a buffer-calibrated combination reference/pH 

4.0 PARAMETER OR ~D LIST . 

4.1 Potentiometri'O ,. 

5.0 R~GOPs 
5.1 T< · OP GR-05-102, Waste Disposal, latest revision 

5.2 .... ~ ·x SOP GR-07-113, pH Potentiometric Method Soil and Waste (Non-Aqueous Liquids), 
~trevision 

5.3 TriMatrix SOP GR-10-106, Inorganic and Metals Laboratories Corrective Actions, latest revision 

5.4 TriMatrix SOP GR-10-114, Thermometer Calibration and Verification, latest revision 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

gr07100 3.5.doc 
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6.1 

6.2 

6.3 

7.0 

7.1 

High sodium samples with very low or high pH will give incorrect meter readings. For pH results 
greater than 10.0, pH will be biased low unless using a "low sodium error" electrode. For pH less 
than 2.0, measurements will be biased high and must be reported as "pH <2.0". The electrode 
used has very little sodium error at low-sodium concentrations and this is not a factor with most 
environmental samples analyzed. However, report pH results 'greater than 12.5 as·: t"· 
error. Buffers and samples must be measured at the same temperature. 
Temperature variation between calibration buffers and samples is a sourc~ea ment 

Note: The temperature sensor of the meter must be verified as a .. ccur~ annually, in 
accordance with TriMatrix SOP GR-10-114. V 

Soaps, oily matter, suspended solids or precipitates may coat .the gCp~lectrode and cause a 
sluggish response. Clean the electrode as follows: v-
6.3.1 For general cleaning, soak the pH electrode in ~ochloric acid (HCI) or 0.1 nitric 

acid (HN03) for 15 minutes. Rinse with b tol"};I eagent water then soak the 
electrode in pH electrode storage solution a a minutes before using. 

6.3.2 

6.3.3 

6.3.4 For protein dep 
water thens 
before using. 

t with 1 % pepsin in 0.1 M HCI. Rinse with laboratory reagent 
ode in pH electrode storage solution for at least 30 minutes 

SAFETY PRE~ 
Wear a~~~at and approved safety glasses while in the laboratory. In addition, 
~~s must be worn whenever samples or reagents are handled. 

7.2 ·nstructions outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 

7.3 ~boratory waste disposal, refer to TriMatrix SOP GR-15-102. 

7.4 The total toxicity and/or carcinogenicity of reagents used in this procedure have not been 
precisely defined. 

7.4.1 Treat all chemicals as a potential health hazard. 

7.4.2 Reduce exposure to the lowest possible level by adherence to established safety 
policies. 

gr07100 3.5.doc 
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7.5 

7.6 

8.0 

8.1 

8.2 

8.3 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 

Environmental samples can be highly toxic and varied. Treat any exposure as a po=.,~nger 
and immediately decontaminate the exposure. Clean waste-contaminated perso otective 
equipment before using again. n 
Bring all safety issues to the attention of the Area Supervisor and/or Heal~ ~ty Officer. 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLINl"'°~ES 
Collect samples in a plastic or glass bottle large enough to ho~st 100 ml. Fill the 
container to capacity when bringing to the laboratory for a~ 

Do not add preservative. /,; v 
Analyze as soon as possible after receipt by the labo"V 

INSTRUMENTATION, APPARATUS AND~..¥ 
Potentiometric pH meter. O' V 
Sample cups, disposable, 50 m~ 

Magnetic stir plate, not heA. ,--

Stir bars, PTFE-coa~ed ~ ~ 
pH electrode,~. · h sodium error of ±0.01 pH units at pH 12.0 in O.SN sodium chloride 
solution v 

10.0 R~~ENTWE MAINTENANCE 

10.2 T< ctrode must be inspected frequently and refilled with fluid if necessary. 

10.~n ecessary, clean the pH electrode in accordance with Section 6.3. 

11.0 CHEMICALS AND REAGENTS 

11.1 Laboratory reagent water, ASTM Type II, Milli-Q system 

11.2 Calibration buffers, commercially purchased 

11 .3 Quality control buffers, commercially purchased 

gr07100 3.5.doc 
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12.0 STANDARDS PREPARATION . ' 

12.1 There is no standards preparation directly associated with this procedure. t') ~ 

13.0 SAMPLE PREPARATION Q' 
13.1 Samples must be brought to ambient temperature before analysis.6 perature differs 

from calibration buffers by more than ±2° C, a temperature correcti mu be made (manually or 
automatically). 

13.2 Further sample preparation is not required if samples ha~gr ter than 20% aqueous phase. 

procedure. Such samples need re-logged in for y · b iMatrix SOP GR-07-113 by the 
Analysis of pH samples with less than 20% (v/v)~o h is beyond the scope of this 

project chemist. · · 

13.3 The aqueous phase in a sample can be dete)...,0 d ~ visually observing the sample jar and 
estimating whether approximately 20% (v/~s ~"~'V;hase by volume. If there is obviously at 
least 20% (v/v) free water in the sam~ e ine pH on the water phase only. If there is 
o.bviously less th. an 20% (v/v) water no t then proceed in accordance with Section 13.2. 
For less ambiguity, determine ~ha volume before shaking the sample. 

14.0 CALIBRATION PROCEDA.~ 
14.1 Calibrate the pH meter ~r~ expected pH values with three buffers, three pH units or more 

apart. Refer to Att .5 for a pH calibration flowchart. 

Note: When fi~I H is between 10.0 and 12.5, control the temperature to 25 ±1° C. 

14.2 Use onl reshV.olution for the calibration. Do not save to use on another meter. Discard 
i~mi ly aft the calibration is complete. . . 

14.3 ~ · · the pH meter for normal-range samples, use buffers 4.0, 7 .0 and 10.0. 

:.... ~- If a sample reads less than pH 4.0, recalibrate using buffers 2.0, 4.0, and 7.0 then V reanalyze. 

14.3.2 If a sample reads greater than pH 10.0, recalibrate using buffers 7.0, 10.0 and 12.0 
then 
reanalyze. 

Note: Always begin the calibration with the pH 7.00 buffer solution. 

14.4 When calibrating, wait for a stable reading for each buffer solution. 

gr07100 3.5.doc 
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14.5 

14.6 

14.7 

14.8 

15.0 

15.1 

15.2 

During calibration and analysis, gently stir each solution at a constant rate great enough to 
minimize drift (<0.1 pH unit) but not enough to generate bubbles and/or aeration that might 
introduce carbon dioxide. 

Record the displayed calibration slope. on the bench sheet and in the run logbook. ~ 
Note: New Accumet electrodes-fresh out of the box-have a slope b~e 95.0 Vo and 

102%. If the slope drops below 92%, clean the electrode. If toe o mains below 
90.0% or above 102% after cleaning, replace the electrode. 

Once the meter is calibrated, read each buffer as the initial calibra6 n (CCV). Each 
must read correct to within ±0.05 pH units. If not, repeat the c 1brati until all buffers read 
within ±0.05 pH units. . 

After calibrating and verifying the calibration, the meter is ~sample analysis. 

ANALYTICAL PROCEDURE ~ 
For all analyses, adjust the probe clamp so im~ion~ill be just deep enough into the solution 
to establish good electrical contact thro~~¥~de fiber-capillary hole. Rinse probes 
thoroughly with reagent water before tg''Vdnother solution. Discard the rinseate. 

Note: Standard and sample ratur. s must be within ±2° C of the calibration buffer 
temperature. Also, o le pies sit open on the bench for any length of time or 
over-stir when~a · g as exposure to the air and/or excessive stirring will 
introduce carbo oxi nd lower the pH. 

If not already done, ve th alibration by checking each calibration buffer. Record these 
checks as C.CV1, C CV3. Gently stir at the same rate used during calibration. Wait for 
the meter to ~ isp ay "stable" then record the pH to the second decimal place. Each 
value obtaine ust . thin ±0.05 pH units of the certified value for acceptability. If acceptable, 
the meter · r dy i sample analysis. Remember to rinse the probe thoroughly with reagent 
water b een ns. · 

15.3 cond-source verification (SRM1, SRM2) buffers as specified in Attachment 23.5. 
Tillll'lllllliiiliiings must also be within ±0.05 pH units of the certified value for acceptability. Sample 

is may not begin until CCV and SRM results are acceptable. 

15. acceptable CCV and SRM results are obtained, measure the pH of up to 10 samples (this 
t includes the SRM). If necessary, repeat sample analysis on multiple volumes of sample 

until the difference in readings is less than 0.1 pH units. Two or three volumes are usually 
sufficient. Report the value obtained. 

15.5 After 10 analyses and at the end of each batch, analyze a continuing calibration verification 
(CCV) as specified in Attachment 23.5. The CCV will be the same three buffers used to 
calibration the instrument. Measured results must be within ±0.05 pH units of the certified value 
for acceptability. 
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15.6 Provided the three CCV buffers pass, sample analysis may continue with the three CCV buffers 
being analyzed after every 10 analyses. Also, close the analytical batch with an acceptable CCV 
check of the three buffers. 

15.7 If a CCV fails, the previous 10 samples must be reanalyzed after cleaning th""'- 0 1°,trode in 
accordance with Section 6.3, and recalibrating. n ~ 

16.0 CALCULATIONS AND DATA HANDLING a~ 
16.1 The pH meter measures all data against the calibration and disp~ !' H reading. No 

manual calculations are necessary. V 
17.0 DATA REPORTING AND DELIVERABLES A 
17.1 Analysts are responsible for data quality and for ~911 ~in all documentation. This is 

required for quality control and to provide clients withvnsible data. 

17 .2 Record the following data and all other da)..~pe,;ied throughout the procedure on the 
benchsheet and/or in the logbook for each ~h·h~in: 

17.2.1 The laboratory informat~¥ment system (LIMS/Element™) standard 
identification of all ca~ibr . io~ used (logbook) 

17.2.2 Sample temper7~ et) 

17.2.3 The pH r~"11t(ee · 

17.2.4 Observe each buffer used for calibration (benchsheet) 

17.2.5 The~e hsheet) 

17.2.6 /fl8t~e and number (benchsheet) 

1~ "'1/to Attachment23.1 for a benchsheet example. 

17 . .: '~ogbooks must be filled in with the following information. 

~.1 Date analyzed 

17 .3.2 Analyst's initials 

17.3.3 Calibration standards used 

17 .3.4 Client name and sample numbers analyzed 

Note: Refer to Attachment 23.3 for an instrument logbook example. 
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17.4 

17.5 

18.0 

18.1 

All logbooks must be filled in completely and correctly. All corrections must be made in indelible 
ink. Corrections must be made with a single dated/initialed lineout. Write-overs are not 
acceptable. An incorrectly entered result must remain legible even after the correction is made. 
A new rnsult must be. placed near the incorrect rnsult with the date and analyst's :ti~·written 
next to 1t. Blank lines in logbooks must be Z'd out. · 

If internal chain-of-custody (CoC) is required, it is very important that the ccAi be f1 led in 
correctly and completely. O" 
QUALITY ASSURANCE r. ~ 
Method and matrix quality control must be analyzed with each bate~ 10 samples. 

18.1.1 Quality control consists of two secondary calibra~ve tion (SRM) buffers, an initial 
calibration verification (as the three CCV b~ff ) c inuing calibration verifications 
(the same three CCV buffers) as specifie c nt 23.5. Acceptance limits are 
±0.05 pH units of the certified value. 

18.1.1.1 A~ceptance limits are ±~nits of the certified value. 

18.1.1.2 Include quali~ ~les in the frequency count. 

18.2 Refer to TriMatrix GR-10-106 for the appropriate corrective action needed when an out-of-control 
condition exists. 

19.0 DEMONSTRATIONS OF CAPABILITY/METHOD VALIDATION 

gr07100 3.5.doc 
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19.1 Before actual sample analysis, each analyst must demonstrate the ability to generate acceptable 
accuracy and precision by running an Initial Demonstration of Capability study (IDC). While IDC 
studies are not instrument dependent, one is required on each pH meter used to demonstrate the 
instrument's ability to generate acceptable accuracy and precision. Annually, a Continuing 
Demonstration of Capability (CDC) is required. . · \ 

19.1.1 Initial Demonstration of Capability Q~ 
19.1.1.1 Prepare four aliquots of pH 6.00 or 8.00 buffer. Pro s four aliquots 

following every step in this procedure including a 1 ti Calculate 
average percent recovery and standard deviation the a erage using the 
IDC spreadsheet located on the laboratory 6' e · . The average 
value must be. within ±0.1 pH units of the rtifie value. · The standard 
deviation must be $; 3%. · 

19.1.1.2 If these criteria are not met, locat nd c ect the source of the problem. 
and repeat the study. Repea~til iNil onfirm a general problem with 
the procedure or techniques · e If occurs, locate and correct the 
procedure or inappropriate tee · e en repeat the study successfully. 

the quality ass nee p ment for training documentation and review. 

19.1.1.3 Samples may not be an~ed ~any analyst on any pH meter until a 
demonstration of ca~'litY.~has been successfully completed. Give a 
copy of succesfl , · eluding the IDC spreadsheet and raw data to 

19.1.2 Continuing Demonstraf o ity (CDC) 

19.1.2.1 A ~n~ ion of capability study must be .performed annually by all 
~s~hi may be accomplished as follows: 

· j .1 By repeating the initial demonstration of capability study. 

0 .2.1.2 By processing four consecutive pH 6.00 or 8.00 results (4 of 

(j 
the same pH) exclusively obtained by the analyst during 
routine sample analysis. 

19.1.2.1.3 By exclusively obtaining an acceptable blind performance 
evaluation study result obtained during routine sample 

.... ~ analysis. 

20.~LUTION PREVENTION 

20.1 Maintain an inventory of all chemicals used in the laboratory to monitor their use. 

20.2 Never dispose of laboratory chemicals without first referencing appropriate written instructions of 
disposal for that particular material. 

20.3 Conserve the use of chemicals where applicable 
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20.4 Comply with all environmental laws associated with chemicals in the laboratory. 

21.0 

21.1 

21.2 

22.0 

22.1 

22.2 

23.0 

23.1 

23.2 

23.3 

23.4 

23.5 
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TriMatrix Laboratories, Inc. 

Sequence Analyaes: 
pH4500-HB 

B071943-ICV1 QC 

0608184-SRM1 QC 

0608184-SRM2 QC 

6071943-CC'/1 QC 

0807223-01 

6071943-CCV2 QC 

I~ 
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a.\,/ \ 

Attachment 23.1 
Sample Benchsheet Example · 

ANALYSIS SEQUENCE j 6071943IPage1.ofl 

ln~rganic - Wet Chemistry, Water, Jul-19-06 

Instrument = 164, Calibration= UNASSIGNED 

(.ui.C\q .;-~oo )~Oot~ 

( (o.Q .. ~.,~¥-) , 

(~~O) ::; -, 

l()Q. ~o/o 

I 00. \ 0/u 

too. 3 % 
100 °/ a 

I= 
seq_ TriMmrix.rpt 
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~ampleID .Wlfsis 

0011~1CV1 ~H ®H B 

~ij104-SRM1 ~H ®H 8 

•104-SRMi ~H ®H 8 

0011~CV1 ~H ®H B 

•104-DUP1 ~H ®H B 

oommcvi ~H 4000-H B 
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.7; •. -··· 

':fr_.·· . .-:: 
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Attachment 23.3 
Instrument Logbook Example 

AT. riMa.tri]{ 
... Laboratories; lnco 

;. . e - ._, Baff tr Sa1at1o11 pH c-lratlam and Loi Nam!Jen •. · 
-. · ,, . (OD bll.ol Nm8hen Oa11 for a.ilJtta u.;..1 
zr "4 ·7" UI IZ·, 

.·, •. 

,a/no 

, ya/DO 

. ,a/oo 

Revision Number: 
Date Revised: 
Date Initiated: 

m-bim: 1.0 

3.5 
1/12/12 
10/5/95 



SOP Name: Potentiometric pH 
SW-846 Method 9040C, Standard Methods 4500-H+ B 

SOP Number: GR-07-100 Page 14of15 

Description: 

Standard Type: 

Solvent: 

Final Voltnue (mis): 

Vials 

pH buffer 7.00 CN16.50-13 
Calibration Star 
Solvent Lot # 
20000 

Fisher catalog# SB107-20 
Lot:054717-24 

Analyte 

pH 

.Color (Apparent) 

Carbon Dioxide 

Alkalinity, Total 
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Attachment 23.4 
Standards Log Example 

Analytical Standard Record 

TriMatrix Laboratories, Inc. 

A512818 

Expires: 

Prepared: . 

Prepared By 

Department: 

Last Edit 

124-38-9 

Concentration 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Revision Number: 3.5 
Date Revised: 1/12/12 
Date Initiated: 10/5/95 

Units 

pH Units 

pH Units 

pH Units 

pH Units 

pH Units 

pH Units 

pH Units 

pH Units 

pH Units 
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Attachment 23.5 
pH Calibration Flowchart 
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1.0 

1.1 

1.2 

1.3 

2.0 

2.1 

3.0 

3.1 

SCOPE AND APPLICATION 

This procedure is applicable to solids, sludges, waste and non-aqueous liquids with less than a 
20% (v/v) water phase. \ 

The effective measurem .. ent range is 2.0 to 12.0 pH units. (') ~ 
The minimum reporting limit is 2.0 pH units. "' 

Note: Results of pH less than 2.0 or greater than 12.5 might indicate ~le source to be 
hazardous for corrosivity and/or not a permitted effluent.6s~, the laboratory 
only reports such samples as "< 2.0" or "> 12.5'' base on t sample and analysis 
calibration limits of the pH instrument. 

PRINCIPLE METHOD REFERENCES 

Test Methods for Evaluating Solid Waste, Physical/I tea ethods, SW-846, 3'd Edition, Final 
Update 1118, Method 90450, Revision 4, Novev ' oil and Waste pH" 

SUMMARY OF PROCEDURE e· ~ . 
buffer-calibrated combination re e e ectrode and pH meter. 
Samples are mixed with water~nd f.the ater phase is measured potentiometrically using a 

4.0 PARAMETEROR.~t . 

4.1 Potentiometric pH 

5.0 REFERENCEG 

5.1 T~e-15-102, Laboratory Waste Disposal, latest revision 

5.2 "f. · · OP GR-07-100, Potentiometric pH, latest revision 

5.3..._ ~ ·x SOP GR-10-106, Inorganic and Metals Laboratories Corrective Actions, latest revision 

5.4 ""'atrix SOP GR-09-128, Homogenization, Grinding and Drying of Solid Samples, latest 
revision 

6.0 INTERFERENCES AND CORRECTIVE PROCEDURES 

6.1 High sodium samples with very low or high pH will give incorrect meter readings. For pH results 
greater than 10.0, pH will be biased low unless using a "low sodium error" electrode. For pH less 
than 2.0, measurements will be biased high and must be reported as "pH <2.0". The electrode 

gr07113 0.4.doc 
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6.2 

6.3 

7.0 

7.1 

7.2 

used has very little sodium error at low-sodium concentrations and this is not a factor with most of 
the environmental samples analyzed. However, pH results greater than 12.0 must be reported as 
"pH >12.0". 

Temperature variation between calibration buffers and samples is a source of mAa,•rement · 
error. Buffers and samples must be measured at the same temperature a~~n the 
procedure. 

Soaps, oily matter, suspended solids, or precipitates may coat the glass~ e and cause 
a sluggish response. The electrode must be kept clean as follows: V 
6.3.1 For general cleaning, soak the pH electrode in 0.1 M hyd chlori acid (HCI) or 0.1 nitric 

6.3.2 

6.3.3 

6.3.4 

acid (HN03) for 15 minutes. Rinse with laboratory e water then soak the 
electrode in pH electrode storage solution for at le O mi s before using.· 

For grease and oil deposits, rinse with a~· erge of methanol solution. Rinse 
with laboratory reagent water then soak t. el tr n pH electrode s. torage solution 
for at least 30 minutes before using. . 

For inorganic deposits, rinse with~ t~asodium EDTA solution. Rinse with 
laboratory reagent water then s~he ¥de in pH electrode storage solution for at 
least 30 minutes before usi~' V 
For protein deposits, digest ith 1° pepsin in 0.1 M HCI. Rinse with laboratory reagent 
water then soak the~ electrode storage solution for at least 30 minutes 
before using. . ~ ____ 

SAFETY PRECAU~ 
Wear a labof:ja t a approved safety glasses while in the laboratory. In addition, 
disposable gl s m t worn whenever samples or reagents are handled. 

Follow af""tr~ · outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. V 

7.3 F~ry waste disposal, refer to TriMatrix SOP GR-15-102. 

7.4..,. '-.~oxicity and/or carcinogenicity of reagents used in this procedure have not been 
~sely defined. 

7.4.1 Treat all chemicals as a potential health hazard. 

7.4.2 Reduce exposure to the lowest possible level by adherence to established safety 
policies. 

7.4.3 Material Safety Data Sheets are maintained on the laboratory intranet of all chemicals 
used in this procedure. Consult the MSDS for detailed chemical information. 
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7.5 Environmental samples can be highly toxic and varied~ Treat any exposure as a potential danger 
and immediately decontaminate the exposure. Clean waste-contaminated personal protective 
equipment before using again. 

Bring all safety issues to the attention of the Area Supervisor and/or Health and S~r. 7.6 

8.0 

8.1 

8.2 

8.3 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING PROCEDa 

Sampl"8 must be collected in a plastic or glass bottle large enough to hole~O ml. 

No preservative is added or required. 

the laboratory. · 

INSTRUMENTATION, APPARATUS, AND MATER~ 
Potentiometric pH meter v 
Sample cups, disposable, 50 ml oW . 
Magnetic stir plate, not heated 

Magnetic stir bars, PTFE~-o ~ · 

The pH electrode use . ~~:n. model 9156APWP, serial 250984-A01, with sodium 
error of 0.01 pH units at 12. in 0.5N sodium chloride solution · · 

9.6 Balance, top-I~ a of measurement to 0.1 g 

10.0 ROUTIN~~VE MAINTENANCE 

10.1 T~~e must be inspected frequently and refilled with fluid if necessary. 

10.~ '~ssary, clean the pH electrode in accordance with Section 6.3. 

11.~MICALS AND REAGENTS 

11.1 Laboratory reagent water, ASTM Type II, Milli-Q 

11.2 Calibration buffers, commercially purchased 

11.3 Quality control buffers, commercially purchased 

11.4 Hydrochloric acid, reagent grade or better 
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12.0 

12.1 

13.0 

13.1 

13.2 

13.3 

STANDARDS PREPARATION 

There is no standards preparation directly associ.ated with this procedure. n--\ 
SAMPLE PREPARATION ~ 

Samples must be brought to ambient temperature_ before analysis. If saaperature differs 
from calibration buffers by more than ±2° C, a temperature correQg;e made by the 
instrument. 

Further sample preparation is required if samples have le n 2 o v/v) of aqueous phase. 
Analysis of pH samples with greater than 20% (v/v) aqu s p se is beyond the scope of this 
proc.edure. Such sam. pies need re-logged in for an~I is Tr' atrix SOP GR-07-100, by the 
project chemist. . 

The aqueous phase in a sample can be det ined sually observing the sample jar and 
estimating whether approximately 20% (v/v) is a ter ase by volume. If there is obviously at 
least 20% (v/v) free water in the sample t dete e pH on the water phase only. If there is 
obv1ously less than 20% (v/v) water or r n proceed in accordance with Section 15.0; 
For less ambiguity, determine thewat pha ume before shaking up the sample. 

13.4 Prepare samples with less than v ter phase as follows: · 

13.4.1 Weigh out 20 sa le into a 50 ml sample cup then add 20 ml of laboratory 

or effervesce . I rking with a water-absorbing matrix, use 20 g of sample and 40 
ml of lab gent water. · · 

13.4.2 Let ~su e ion stand for one hour (15 minutes for waste samples) to let suspended . 
rt es s le out. If a waste is multiphasic, separate and measure only the aqueous 

ctrodes must be cleaned (Section 6.3) if coated with nonaqueous material. 

1~.4. e suspension has settled and the water phase has been isolated (if necessary), 
heck the pH. 

... ~ Note: All standard and sample temperatures must be within ±2° C of the 
~ calibration buffer temperature. 

CALIBRATION PROCEDURES 

14.1 The pH meter must be calibrated to bracket expected pH values with three buffers, three pH units 
or more apart. Refer to Attachment 23.5 for a pH calibration flowchart. 

Note: When field sample pH is between 10.0 and 12.0, control sample temperature to 25 ±1° C. 
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14.2 To. calibrate the pH meterfor normal-range samples, use buffers 4.0, 7.0 and 10.0. 

14.2.1 If a sample reads less than pH 4.0, recalibrate using buffers 2.0, 4.0, and 7.0 then 
reanalyze. · . \ 

14.2.2 If a sample reads greater than pH 10.0, recalibrate using buffers ~.O ~ 12.0 
then reanalyze. 

Note: Always begin the calibration with pH 7.00 buffer solution. 0 
14.3 Start calibration by pressing the mode key until the pH mode indica~·· . Place the two 

probes into the first buffer. 

14.4 Press 2"d cal. ("calibrate", time and date of the last cal~'br · will isplayed). After a few 
seconds P1 will be displayed in the lower field, indicating me is ready. for the first buffer. 

14.5 Wait for a stable reading. Manually enter the value~ · II keys then press "yes". Enter 
a value by pressing the "A" or "v" key. The first dig1 · a . Continue pressing the scroll key 
until the desired value is displayed. Press "yeCr ac~ . Continue for each digit. When the 
correct buffer value is displayed, press "yes" to e.y . 

14.6 The P2 prompt is then displayed for thgwr. 

14. 7 Rinse the probes and place in the se nd b er. Wait for a stable reading and enter the correct 
buffer value, then press "yes''.~ t for the third buffer will then be displayed. 

14.8 Rinse the probes and pl~n l .third buffer. Wait for a stable reading and the correct buffer 
value, then press "yes". ~ ~ 

14.9 When the P4 pro~ayed, press "measure". Record the displayed calibration slope on 
the benchsheet the n logbook. The slope needs to be 90 - 102%. If not, clean the 
electrode. Re ea er as a sample. (Each must read correct to within ±0.05 pH units). If 
not, repeat t calib tion until all buffers read within ±0.05 pH units. When the meter is 
calibraters ~ or sample analysis. 

14.10 All b ~be used fresh. Do not save to use on another meter. Discard immediately after 
t ion is complete. 

14.~·n calibration and analy.sis, . all buffer solutions and samples must be gently stirred at a 
co tant rate great enough to minimize drift (<0.1 pH unit) but not enough to generate bubbles 

7or aeration that might introduce carbon dioxide into solution from the air. 

15.0 ANALYTICAL PROCEDURE 

15.1 Before checking the pH, adjust the probe clamp, so immersion will be just deep enough into the 
solution to establish good electrical contact through the electrode fiber-capillary hole. Rinse 
probes thoroughly with laboratory reagent water before transferring to another solution. Discard 
the rinseate. 
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15.2 

15.3 

15.4 

15.5 

15.6 

15.7 

16.0 

16.1 

Note: Standard and sample temperatures must be within ±2° C of the calibration buffer 
temperature. Also, do not let samples sit open on the bench or over-stir when taking a 
reading as exposure to the air and/or excessive stirring will introduce carb dioxide 
and lower the pH. 

Place the probe. in the Initial Calibration Verification (ICV) buffer. An ICV is th~"d int b er of 
the calibration (midpoints are 4.00, 7.00 or 10.00). Gently stir at the same used during 
calibration. Wait for the meter to beep and display "ready" then rece esult to the 
second decimal. place. The value obtained must be within ±0.05 pH unit f the rtified value for · 
acceptability. Rinse the probe thoroughly with reagent water. ~ 

Repeat with Laboratory Control Samples (LCS) as specified in Atta e 23.5. These readings 
must also be within ±0.05 pH units of the certified value ~o ptab1 . · Samp.le analysis may 
not begin until ICV and LCS results are acceptable. 

After acceptable ICV and LCS results are obtaine e ur e pH of up to 10 samples (this 
count includes the LCS). Repeat sample analysis m le volumes until the difference in 
readings is less than 0.1 pH units. Two or thre~lum~ e usually sufficient. Report the value 
obtained. V 
After 10 analyses, analyze a Coen·~a"~ation Verifications (CCV) as specified in 
Attachment 23.5. The CCV will. be e s~Zers used to calibration the instrument. The 
measured result must be within~-un· of the certified value. 

Provided the CCV buffer~p nalysis may continue with a CCV being analyzed after 
every 10 analyses. The a ica tch must also be closed with an acceptable CCV. 

If a CCV fails, the~ .. s~ 1 samples must be reanalyzed. Before reanalyzing, clean the 
electrode in accord~ection 6.3 then recalibrate . 

. ,._u-1.,...,.. A DATA HANDLING 

easures all data against the calibration and displays a direct pH reading. No 
-;3'l111M11Pri1ons are necessary. 

Report values to 0.1 pH units for samples (example: report 7.6, not 7.59). 

Report values to 0.01 pH units for quality control (example: report 7.63, not 7.6). 

16.2.2 Report pH of less than 2.0 as "pH <2.0". Do not report pH values less than 2.0. 

16.2.3 Report pH of greater than 12.0 as "pH>12.0". Do not report pH values greater than 
12.0. 
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17.1 Analysts processing sample batches are responsible for data quality and for correctly filling in all 
documentation. This is required for quality control and to provide clients with fu: ~sible 
data. 

17 .2 The follo~ing data and all other data specified throughout this procedure must A>rded n the 
Element printout and/or in the logbook for each batch handed in: ~ 

17.2.1 The standards logbook number of calibration buffers used (loge 

17.2.2 Sample temperature (benchs~eet) c; 
17.2.3 The pH result (benchsheet) A · 
17.2.4 Observed values of each buffer used for c7;vhsheet) 

17.2.5 The slope (benchsheet) ·. v 
17.2.6 Method name and number (benchshev . 

17.2. 7 Refer to Attachment 23.1 fo~yuence report example. 

17.3 Instrument logbooks must be filled in ~atch handed in with the following information. 

17.3.1 DatE.analyzed ~~ 
17.3.2 Analyst'~s·niti I~~ 

17.3.3 Calibrati ds used 

17.3.4 ClieA sample numbers analyzed 

Note: ~Uchment 23.3 for an instrument logbook example. 

17.4 st be filled in completely and correctly. All corrections must be .made in indelible 
i s must be made with a single dated/initialed lineout. Write-overs are not 

ta . An incorrectly entered result must remain legible even after the correction is made . 
. esult mu~t be. placed near the incorrect result with the date and analyst's initials written 

to 1t. Blank lines in logbooks must be Z'd out. · 

17.5 If internal chain-of-custody (COC) is required, it is very important that the COC form be filled in 
correctly and completely. 

18.0 QUALITY ASSURANCE 

18.1 Method and matrix quality control must be analyzed with each batch. 
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18.2 

19.0 

19.1 

18.1.1 Quality control consists of two laboratory control samples (LCS), an initial calibration 
Verification (ICV) and continuing calibration verifications (CCV) as specified in 
Attachment 23.5. Acceptance limits are ±0.05 pH units of the certified value. 

18.1.1.1 Acceptance limits are ±0.05 pH units of the certified value. ~ 
18.1.1.2 Quality control samples need included in the frequencA. 

18.1.2 Matrix quality control consists of a sample duplicate (DUP) ruse~nalyses. A 
DUP is an analysis replicate analyzed in the same way as the or· ·nal. ceptance limits 
in relative percent difference (RPO) are listed in the labora in on management 
system (Element T\ 

condition exists. 

DEMONSTRATIONS OF CAPABILITY/METHOD V~N . 

Before performing sample analysis, each anal~u~rst demonstrate the ability to generate 
acceptable results by running an initial er:i~¥on of capability study. Also, while a 
demonstration of capability study is no · ependent, it is required for each pH meter as 
well. Analyst and pH meter capabilit tudi st be repeated annually. 

19.2 Prepare four aliquots of a s ollowing every step in the procedure. Have an 
experienced analyst indepe~~lWIR•e four aliquots of the same sample for comparison. 

19.3 Calibrate the pH me~er (j lyze he four aliquots. Have the experienced analyst do the same 
with the comparison set. 

the eight res s in Smith-Satterthwaite spreadsheet for determining demonstration of 
19.4 Calculate aveg ery x) and standard deviation of the average (s) in pH units by entering 

capabilit~anc The spreadsheet is located on the laboratory intranet library. 

1~.4. The readsheet will calculate a statistical comparison between the two sets of data. If 
readsheet determines the two analyst averages are statistically indistinguishable, 

e analyst and pH meter are authorized to run samples. · 

~ ~- . If the spreadsheet indicates the two data sets are not indistinguishable, the analyst "-J . must proceed according to Section 19.5. . 

19.5 Locate and correct the source of the problem and repeat the test. Repeated failure however, will 
confirm a general problem with the procedure or technique used. If this occurs, locate and 
correct the procedure or technique, then repeat the test beginning with section 19.2. Samples 
may not be analyzed by any analyst or on any pH meter until a demonstration of capability study 
has been successfully completed. Copies of successful studies, spreadsheets and raw data 
must be given to the Quality Assurance department. 
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19.6 

20.0 

20.1 

20.2 

20.3 

20.4 

21.0 

21.1 

21.2 

22.0 

22.1 

A pH demonstration of capability study must be performed annually by all analysts. This may be 
accomplished by repeating the initial test or by running an acceptable performance testing study. 

POLLUTION PREVENTION , ~ 
Maintain an inventory of all chemicals used in the laboratory to monitor their us~ 

Never dispose of laboratory chemicals without first referencing appropria~'structions of 
disposal for that particular material. V 
Conserve the use of chemicals where applicable 

WASTE MANAGEMENT ~ 
Consult the appropriate material safety data s~!~;:'! when disposing of chemicals. This 
information is located on the laboratory intranet h~ e MSDS folder. 

Follow all applicable instructions in G~tory waste disposal. 

REFERENCES v 
Test Methods for Evalua~o~ 
Update 1118, Metho:' ~si 

aste, Physical/Chemical Methods, SW-846, 3d Edition, Final 
4, November, 2004, "Soil and Waste pH" 

23.0 ATTACHMEN~ ~ 
23.1 Analysis r_u~ort Example 

23.2 Prepara~h Report Example 

23.3 l~ogbook Example 

23.i_ ~Log Report Example 

23.~alibration Flowchart 
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TriMatrix Laboratories, Inc. 

Seq11e11ce A11a~1·ses: 
pH 9045C 

LabNWll~T An~'Sir 

606293&-ICV1 QC 

0607475-SRM1 QC 

0607475-SRM2 QC 

606293&-cCV 1 QC 

0606497-01 pH 9045C 

060747&-0UP1 QC 

606293&-cCV2 QC 

gr07113 0.4.doc 

Attachment 23.1 
Analysis Sequence Report Example 

ANALYSIS SEQUENCE 160629351 Page I of! 

Inorganic - Wet Chemistry, Waste, Jun-29-06 

Instrument= 164, Cahbration =UNASSIGNED 

Contain STD ID ISTDID 

A512818 

A512818 

A 

A512818 

Revision Number: 0.4 
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Analyst 
Initials: 

seq_ TriMatrix.I]ll 



SOP Name: Potentiometric pH in Soil and Waste 
SW-846 9045D 

SOP Number: GR-07-113 
lnitiated:1/19/96 

foMatrix Laboratories, Inc. 

Work Order Analysis 
0704160 pH 9045C 

WNllJd.,. ConJain l'rqartd By 

0703937-DUP1 Apr-16-il711:14 CLB 

0703937-SRM1 Apr.16-il71114 CLB 

0703937-SRM2 Apr-16-il7 11:14 CLB 

0704160-01 A Apr.16-il711:14 CLB 

gr07113 0.4.doc 

Attachment 23.2 
Preparation Batch Report Example 

PREPARATION BATCH j 0703937 j Page I of I 

Inorganic - Wet Chemistry, Waste, General Inorganic Prep 
(No Surrogate) 

Batch Comments: (none) 

Initial ruw1 iJ. 
lg) (rrl) SumigaJe s.""'m SpiMID 

20 20 0704160-01 

20 20 A608776 

20 20 7030694 

20 20 
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Instrument Logbook Example 

#+TriMatrix 
Laboratories. Inc. 

Bulfer Solullon pH Concentrations and Loe Numbers Calibration Verifkatlo• 
<nn la Lot Numben only ror Butr.,,. Used) Level and l.oc Numbtr 

4 7 10 12 TV Lot Number 

---- -------· 

··---- ··---~----~-

-·-·-----~· 

_______ , 
.... 

----~- -~-<: 
-----~ (:~--

1~·-· ·-V-

"" ---~ ~---·--~~ v-,. ' ----
I 

~ ~ 
~· ---- -----....._... 

~ y - --t----

~~ ~ 

"' 
---· >--·--

'" 
~ 

-~ ------ -----
.... ~ - ~ r ~ ------ -----

~ ' pagr. 7lll '.'tl.I 

CV 
Results 

>-----

------

-------··· -... 
J 

~· 

--

---~---

-

~· 

--

--

~---

--
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,,...~~ 
A<ttplabk 

er'- I 
CV pie Numbers 

('"11.05TVI ~ ....... 
--~...!.-1 

yes/no .... l .... 

~'!!'"~-
·es/no 
.~ 

-~ 
, 

~/no 

)'OS/ no 

yn/no 

, .. s/no 

ya/no 

yes/~ 

yes/no 

- yos!!!!. 
, .. sl no 

yrs/no 

yrs/ RO 

yes/no 

·yes/no 

ya/no 

yes/ DO 

yes/no ---
yes/no 

..1"~'--~-
yei/no 

yes/no ---
yes/no 
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Attachment 23.4 
Standards Log Report Example 

Description: 

Standard Type: 

Solvent: 

Final Vohunc(mls): 

Vials: 

pH buffer 8.00 
Analyte Spike 
Solvent Lot #1708575 
500 
2 

VWR part# BDH5060-500ml 
Lot: 1708575 
Received 3/07/08 

Analyte 

pH 

Carbon Dioxide, Free 

Carbon Dioxide 

Acidity as CaC03 

Acidity 
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1.0 

1.1 

1.2 

1.3 

1.4 

2.0 

2.1 

SUMMARY OF PROCEDURE 

This procedure establishes uniform policies for a legally defensible internal chain-of-custody 
(COC) system for samples requiring defined levels of security. 

Following these guidelines will provide unbrok~n sample tracking from the client sn"r.,..,. e\+ thh•rough 
the analytical process and to final sample disposition. Q~ 
There are two approaches to maintaining sample custody following rece~·pt boratory and 
the initial transfer of internal custody (refer to Attachment 6.3 for o . The two 
approaches are as follows: 

1.3.1 The first approach is used for samples not associated w~p ·ect where litigation is 
expected or likely to be needed, or is requested by th ie In such a case, the 
project chemist designates in the laborato~· rma 1 management system 
(Element} that project samples are handled car to an "external" or general 
sample custody protocol. ~ 

1 .3.2 The second approach is used for samples .oci d with a project where litigation is 
expected or likely to be needed, or · requ by the client. In such a case, the 
project chemist designates in the bar ry information management system 
(Element) that project samplesT ha~ d according to an "internal'.' or specific 
sample custody protocol. g' V 

This procedure also includes ~ 

4 

r.cur measures taken to ensure laboratory integrity is 
maintained in each analytical ar : 

DETAILED PROCE~ 
External COC is de dhered to as follows: 

2.1.1 Ge~ security measures and sample or information access by authorized 

S
:~ly must remain in effect at all times. 

ze physical deterioration, be available and identifiable. 
2~.1.2 ratory records (paper and electronic), must b. e maintained in such a way as to 

II laboratory rec.ords (paper and electronic) must identify the. person or persons 
responsible for information entered which permits the event and chronological 
reconstruction of TriMatrix Laboratory's involvement with any sample in direct 
connection with the client report. 

2.1.4 Records (both on-site and off-site) include but are not necessarily limited to the 
following: 

2.1.4.1 Sample receipt forms 

2.1.4.2 Sample storage information 

2.1.4.3 Sample preparation and/or analysis data printouts 

2.1.4.4 Data reduction 

file: gr10104 2.3.doc 
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2.2 

2.1.4.5 Client correspondence 

2.1.4.6 Preliminary and final reports 

Internal COC is defined and adhered to as follows: --\ 

2.2.1 In addition to external COC, internal chain-of-custody establishes a~aUuous 
samples, sample aliquots and sample extracts/digestates. A o hich can be 
referred to as the "sample". 

record of all physical possession, storage and disposal of sam~le o · ers, collected 

2.2.2 

2.2.3 

2.2.4 

Internal chain-of-custody must be maintained by one r:.e ~llowing criteria at all 
times: · V 
2.2.2.1 The sample is in actual physical poA_by a laboratory employee. 

2.2.2.2 The sample is in constant vie~~ 'Vatory employee responsible for 
physical possession of the sa"V · 

2.2.2.3 The sample is stored i~ se<'~e area of the. laboratory restricted to 
authorized personn~y. y· 

An intern. al COC record m©i~M individuals who physically handle a sample. 
Refer to Attachmen~6 an xample internal COC form that is automatically 
generated by the L r rmation Management System (Element) when the 
internal COC is~e 

The internal ord ust account for all times and events associated with sample 
handling and mov ent and must begin at the point established by the applicable 
federal o rsight program. Internal COC typically begins at sample collection. 
HoeWI ay egin at the time clean sample containers are provided by the 
lab tory. 

2.2.5 ~ · s in which sample containers originate from TriMatrix Laboratories, the 
I COC form must accompany containers during transport to the collection site 
returned when collected samples are returned to the laboratory. 

hipping cooler custody seals ·and/or individual sample containers (if affixed by the 
lient) are to be submitted. Receipt of a cooler without an intact seal must be 

documented on the sample receipt checklist. 

2.2. 7 Sample login staff are responsible for maintaining sample storage areas and related 
receipt documentation which are part of an internal COC project. In the event a 
sample login technician is not available when samples arrive (such as, after normal 
business hours), the following persons must assume responsibility for initiating internal 
COC: 

2.2.7.1 Any Laboratory analyst or technician 

2.2.7.2 Any Project chemist 

2.3 A COC sequence of events is as follows: 

file: gr10104 2.3.doc 
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2.3.1 

2.3.2 

2.3.3 

2.3.4 

2.3.5 

2.3.6 

2.3.7 

Upon receipt and proper acknowledgment of coolers containing samples designated 
for internal COC, sample technicians must perform a thorough inspection of any and/or 
all custody seals. Should any seal arrive damaged, the project chemist and/or client 
must be immediately notified. . ~ 

All paperwork accompanying sample coolers must be retrievedi e d for 
completeness and a. ccuracy. Any discrepancies between receive a les a d the 
paperwork or any project information must be noted and recoare m the project 
chemist of all COC discrepancies. Document the discrepancy r suggest all 
appropriate corrective action to minimize a repeat discrepancy. 

Only when samples have been properly accounted for a~ny iscrepancies resolved 
may they be logged into the laboratory information ma e nt system (Element). 
During log-in, the option to designate samples~ a· al C must be selected. This 
initiates the creation of the COC form for each lys1 ample (Attachment 6.1) which 
must be signed with each change in locati~ocu dy. 

After log-in, samples must be moved to a 1g ed storage area (Attachment 6.2). 
Access to all sample storage areas is~.·i itteedd ~ ployees only for security reasons. 

Chain-of-custody forms are pla~m fM°'located in the laboratory by the walk-in 
cooler. The technician ~o · pies must ensure each sample has the 
appropriate type and numb of s1 - sheets. 

Samples requiring in C atus are communicated to laboratory areas through 
arrival logs, workli sheets. These forms are generated by Element. Area 
supervisors and oup ders must ensure all chemists and technicians are aware of 
any and all i CO samples .. The signing of COC forms must be strictly and 
consistently y technician or analyst not completing the COC form will be 
repriman ingly. 

Wh~1 to analyze internal COC samples, the COC form must be completely 
fille~he removal time, analyst's name and the return time. 

C': ~ Internal COC forms must be filled in each time samples are removed from s:;;J a designated storage area . 

. 3.7.2 Interim sample storage areas are located in each laboratory area for use 

2.3.7.3 

on in-process samples which also limit access to employees only. After 
signing for an internal COC sample to remove from a designated storage 
area, samples may be stored in these areas until analysis is complete. 

Once analysis is complete, samples must be returned to the original 
designated storage area. The internal COC form must be completed 
before the analyst may proceed to any other task. 

2.3.8 Once a project submittal has been completed by the laboratory, the project chemist 
must review the COC folder contents by checking for COC form completeness. After 
reviewing, include the completed COC paperwork in the project folder. 

2.4 The transfer of samples to an approved subcontract laboratory for analysis must adhere to the 
same COC requirements specified for the project. 
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3.0 

3.1 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

REPORTING AND DELIVERABLES 

The completed internal chain-of-custody form must accompany the client report uni""" \herwise 
specified. 41') ~ 

QUALITY ASSURANCE A' 
All laboratory quality assurance activities as outlined in the TriMat~uV.urance. Manual 
and as specified in any related Standard Operating Procedure mus e ad red to. 

The laboratory is a restricted access area. Only auth~r" erso el are allowed into the 
laboratory without an escort. Visitors must sign the Vis" Lo ok when entering and exiting 
the laboratory. / ~ "'4. 
Project chemists are responsible for the following wit'Vto COC communications: 

4.3.1 Communicating COC sample inform)i...n tn:sample technicians and/or analysts as 
soon as this knowledge is availa'-. ·~·y 

4.3.2 Monitoring sample submitt~Y . . 

· 4.3.3 Checking each COC m ~~eteness. 
for receiving, inspecting and logging in the samples correctly 
lacing COC sign-out forms into folders. 

5.0 REFERENCES 

5.1 TriMatrix Laboratories Quality Assurance Manual, latest revision. 

6.0 ATTACHMENTS 

6.1 Internal Chain-of-Custody Form Example 
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6.2 Facility Security Layout 

6.3 Internal Chain-of-Custody Flowchart 
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I 1110370 

Client: Received: 

Project: 

Number: 

Oct-19-11 16:00:00 

Donna M. Nardin 

1.9 Printed: 10/27/2011 1:27:13PM 

l lJIJO::~~~;:t:f~~:o::::t;~:;site~::~:~:·~~~~::~lf :00········· ············J=-Ol-80i~:~O.~O:y········ .. ················ 

1110370-02 A OJ [SVGC Extract} Out "---~ · In 
------------------------------------------------------------------,--_---------------------'---------------------~~-----------------------------------------------------------------_·--------------

Semivolatiles GC Oct-21-11 15:52:24 by SKA ~n-01-80 00:00:00 by 
----~11-10~370~02-J.-01·----;04~05-oo;~L--P;~;-;~-~-;----------- ---------------------------0~;;·---- ------------------ -- ------- -v.__----------------- -1~--------------------------------- ------------------------------------------

1110;;::;:c ;7;':.:~:::~~t] .. Oct-20-11 0:~::59 by ~LD ............... J-a;:=?O:OO ~ 
Metals ..................... .................. Oct:20-11 10:24:56 bylll)~ ..... ..... .... .. .. Ja~ s:OO b~ 

111 OJ~~;~:, G Ol [Metals Extract] Oct-25- t I Ii~~; 11 by MAS Jan-01-80 00~)-. 
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Attachment 6.3 
Internal Chain-of-Custody Flowchart 
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1.0 SUMMARY OF PROCEDURE 

1.1 

1.2 

1.3 

2.0 

2.1 

This document describes in detail the procedures followed during the sample receipt and log-in 
process at TriMatrix Laboratories. This procedure begins with the arrival of samples at the 
laboratory and does not end until the samples have been properly stored. ~ 

Samples are received by the laboratory from 8:00 am to 5:00 pm, Monday~h h rday. 
Sample receipt at other times must be arranged through a project chemist or t og sta . 

Technicians receiving samples that require internal chain-of-custody~ review and 
adhere to TriMatrix SOP GR-10-104. V 

G DETAILED PROCEDURE 

There are four distinct steps to the sample receipt/log-in pA 

Step 1 The initial step acknowledges rec. eipt of~~he laboratory. The Chain-of
Custody (COC) is signed and required 1es re made in the Sample Receipt 
Records Logbook. Step 1 must bX~~l1~ immediately, at the time of sample 
receipt. However, the cooler is not ope.~ing Step 1 . 

Step 2 A Sample Receiving/Log-l~~t ;.,;initiated. The cooler is inspected for intact 
custody seals then opened. he~Vtype, sample quantity and coolant location.are 
documented, and th~ep tern rature is taken and recorded. When necessary, a 
Sample Receiving N f ce Report is initiated. 

IMPORTA. NT: A_e~. n a cooler unless planning on immediately completing Step 
~ ~ r ceipt/log-in process. 

Step 3 Samples ~ed from the cooler during the third step of the receiving process. 
Upon , samples are physically inspected and compared to the COC. The 
pre rvati hemically preserved samples is verified and the laboratory is informed 

a sho hold time analysis requirements. All initial paperwork is collected and 
the project chemist. · 

· S·~ep. . al step of the sample receipt/log-in process involves performin.g any authorized 
H adjustments, logging samples into the LIMS system and storing samples in 
ssigned locations. 

To .safely ~nd c~rrectly complete the sample receipt/log-in process, the following 
equipment 1s required: 

• Laboratory coat 
• Approved safety glasses 
• Disposable gloves 
• Infrared thermometer, Raytek Raynger, model ST60XX95, verified as NIST-traceable 

Alternative: stem-type digital thermometer, verified as NIST-traceable 
Alternative: liquid-in-glass thermometer, verified as NIST-traceable 

• ColorpHast strips, pH 0-14 universal, EMO catalog 9590 or equivalent 
• Preservation reagents, contaminant-free 
•Fume Hood 

gr15100 3.3.doc 
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2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.2 Step 1 

2.2.1 

2.2.2 

Personal protective equipment must be worn during sample receipt/log-in. A laboratory 
coat and approved safety glasses must be worn in the sample receipt and bottle 
preparation area except when entering data at a computer terminal. 

Many received coolers are quite heavy. A back brace is availab1 .. "'1 highly 
recommended when lifting and moving any heavy object. A whe!le ~st be 
used when transporting coolers from the garage into the sample rec· · lo in area. 

For samples known to be extremely hazardous or toxic, addif a precautions 
are required and noted throughout the procedure. Notify the alth a d Safety Officer 
and Project Chemist before sample receipt/log-in of n t ardous or toxic 
samples unless otherwise specified. · 

chewing gum. 

Immediately upon receipt of a sampl~~ler, the receipt must be recorded in 
the Sample Receipt Record logbook " ~~nt 6.1 ). The logbook must contain the 

• Date received 
• Time received 
• Number of cool 
• Client 

ech ·an receiving coolers and recording the information 

2.2.3 clients or TriMatrix field services personnel must be 

gr15100 3.3.doc 

When possible, have the delivery person sign in the first 
vail le "relinquished by" section on the COC. The TriMatrix technician receiving the 

les must sign the "received for lab by" section. This information must match that 
tered in the Sample Receipt Logbook. Return the pink COC copy to the delivery 

erson. 

NOTE: It is possible that samples delivered by a TriMatrix employee will be 
"relinquished by" and "received for lab by" the same person. This can occur 
after normal receiving hours or on weekends when log-in staff are not 
available. 

NOTE: The number of coolers delivered by different delivery methods but from the 
same project-submittal must be additively entered into a column of the 
Sample Receipt Record logbook as the total number of coolers received for 
the project. This number must be verified when the logbook is checked, by 
counting to confirm the number of coolers received from all delivery methods 
is the same as the number recorded. 
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2.3 

NOTE: When samples requiring temperature preservation are received at ambient 
temperature, Step 2 must be performed immediately. Refrigerating non
chilled samples prior to recording their temperature results is a 
misrepresentation of the preservation status of the sample. 

Step2 _ \ 

2.3.1 Observations associated with any step of the process must be recor Cl Wm pie 

2.3.2 

2.3.3 

2.3.4 

Receiving/Log-In Checklist (Attachment 6.3). The Checklist must be pleted for all 
samples in a given project received during the day. A S p iving/Log-ln 
Checklist Additional Cooler Information is available when rece ing s pies in a given 
proj~ct consisting of more than four coolers (Attachment 6~ 

NOTE: Shad~d boxes on the Checklist .indicate a~ . t-of ~ntrol sit~atio.n ... ~he 
selection of ANY shaded box during~hst co let1on requires m1t1at1on 
of a Sample Receiving Non-Conform R ort (Attachment 6.5). 

When sample coolers are received, seg~r.t b ject. Complete the upper two 
Checklist sections to the ext.ent possible. . 'ntain cooler temperature integrity, 
open and determine sample tempera~ on o~ ooler at a time. 

NOTE: It is important when iR'atingVecklist to be sure the page/line numbe·r 
from the Sampl~ ord logbook is recorded at the top of the 
Checklist. The umtl . sociates a sample cooler with the samples 
received in~h c er. 

Document whether. Is are present and their condition. Remove and retain 
all custody se;~;~ n the cooler. 

NOTE: ~P ~g~oler known or suspected to contain highly hazardous or toxic 
UST be performed in the fume hood. 

o field screening readings, general field information, and hazard warnings. 

Bef~i r g any packing material collect all paperwork from inside the cooler. 
P ork. ent with samples can contain significant project information, including but 

must be retained. · · · 

~ ~eoor<I the cooler number and the time the cooler was opened. 

~ ~~bserve and reoor<I the type and location of coolant used. 

~ Temperature Measurement 

2.3.7.1 

2.3.7.2 

gr15100 3.3.doc 

When possible, measure and record the temperature of three 
representative samples from random locations within the cooler. Also, 
measure and record the temperature blank, if one is included. 

Sample temperatures are measured using a calibrated infrared (IR) 
thermometer (Section 4.6). The IR thermometer measures sample 
temperature indirectly by taking a surface reading. Consequently, IR 
readings MUST be taken just as a sample is lifted from the cooler. Sample 
container surfaces warm quickly and any other technique will result in an 
incorrect measurement. Do not dry the container before taking a reading. 
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2.3.7.3 

2.3.7.4 

2.3.7.5 

2.3.7.6 

Containers wet from melt-water are more representative when wet than 
those not having been in direct contact with coolant. However, do not 
replace a sample chosen at random that does not have melt-water. It must 
be used. 

Aim the IR thermometer approximately six inches from the "' '"1 .. to be 
measured and pull the trigger. On clear glass contai~e ~laser 
through the container onto the back of the label. This · ot quirei:l with 
opaque containers (measurements can be taken w~'tho t el shot). 

Laser aiming from the thermometer will illumi te th surface being 
measured. Hold the trigger in for 3 to 5 secoG se and observe 
the result shown on the screen. Record t res obtained in degrees 
centigrade. 

If the infrared thermometer is no le, a digital or liquid-in-glass 
thermometer may be used, if as !ST-traceable (a tag will be 
attached indicating when as last performed). These 
thermometer types have a po contamination if used directly on 
samples. Consequently empe readings must be taken only on a 
temperature blank or the Ian elt-water. To take a digital or liquid-in-
glass thermometer ~ing, erse the stem in an opened temperature 
blank or direct · · o t melt-water. Observe and record the 
temperature a the g stabilizes. Do NOT open samples to take a 
temperature e ing. ee the quality assurance manager for assigning an 
alternativ r to the department when needed. 

Re~in · ual temperature readings and the average from each cooler 
mp Receiving/Log-In Checklist. Report all values to the nearest 

a correction factor is necessary (based on the daily NIST 
ility verification), record the correction factor and the corrected 

0 
ature on the Sample Receiving/Log-In Checklist. 

Sample Receiving/Log-In Checklist. A Sample Receiving Non-G 
f a temperature average or temperature blank exceeds 6° C, note on the 

Conformance Report will be required . 

. 3.7.8 The. entire procedure must be followed for each sample cooler received. 

..... ~ NOTE: If a trip blank is received, record the cooler number on the trip ""-J blank tag. 

2.4 Step 3 

2.4.1 Verify that the COC "received for lab by" is filled in. If not, it must be done immediately. 
To maintain the chain-of~custody timeline, enter the initials, date and time recorded in 
the Sample Receipt Record logbook. If verification is done by the person who received 
samples, record a signature (not initials) on the COC. Complete the "paperwork 
received" and "COC ID Nos." section of the Sample Receiving/Log-In Checklist. 

2.4.2 The COC must be reviewed for accuracy. Complete the "check COC for accuracy" 
section of the Sample Receiving/Log-In Checklist. Additional information that must be 
present and correct on the COC include: 

gr15100. 3.3.doc 
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2.4.3 

2.4.4 

2.4.5 

• Client name, address and contact phone number, unless on file 
• Number of containers per sample 
• Requested analyses (ff not initially present, will be filled in by project c:m~a the 

client) 
• Page/Line number from the Sample Receipt Record logbook 

Sample collection personnel should have filled in sample· label iiion. If the 
information is missing or incomplete, notify the project che · . many cases, 
missing sample label information can be determined after chec~I . I formation on 
remaining samples against the COC. However, assignment f clie -based sample 
information by TriMatrix receiving technicians must ~~,.,! t to the project 
chemist's attention and documented on a Sample ReceivoConformance Report. 

NOTE: Additional information may also be s by the COC, depending upon· 
project specifications and COC type ( iMatr or client). The project chemist 
must evaluate what additional inf a i ertinent to the log-in process 
and communicate this to applic e I ff. 

Affix appropriate labels onto sampl contai These include MS/MSD, USDA-
regulated, Composite Before Analysis, :r mple, Caution!!! and Return Sample to 
Waste Cabinet labels (Attachme~6). ; 

Complete the "sample confi:·on ~~ .. section. If sample containers were broken 
during shipment and~or c tain sample is observed in a cooler, unless it is known 
that the samples c in 1 e cooler are not hazardous, implementation of the 
following steps is r. • 

2.4.5.1 I e ly reseal the shipping cooler and place in the sample receipt 
hoo . If a cooler is too large for the hood, place in a well-ventilated 

~--'15 the garage. Place a note on the cooler that it may contain 
~ tamination and is not to be opened. 

G
Vmmediately notify the project chemist and when appropriate the health 

and safety officer. Do not continue with sample log-in for the affected 
samples until sufficient safety information is obtained. · 

.4.5.3 The project chemist must consult with the client on how to proceed and 
when appropriate, request safety information. If instructed to proceed with 
the log-in process, review the safety information obtained and observe 
appropriate safety precautions. Remove the cooler contents, properly 
dispose of any adsorbent and decontaminate the inside and outside. 
Record all resolutions on the Sample Receiving Non-Conformance Report. 

2.4.6 In addition to COC and cooler/sample discrepancies, project-specific issues may also 
be observed. Any aberration from acceptable sample receipt protocol must be 
documented on a Sample Receiving Non-Conformance Report when found. Such 
issues include the following: 

• Project name correctness 
• Hold time violations due to late receipt 
• Illegible paperwork 

gr15100 3.3.doc 
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• Incorrect project or purchase order numbers 
• Missing project chemist name 
• Questionable parameter list 
• General information missing · 

2.4.7 Many aqueous samples received are subjected to some form of chemica'- ·· .1 rvation. 
Verification of the preservation is required. Depending on the an~I ~ative 
verification may not occur during log-in. The Sample Preservatio e[· cation Form 
(Attachment 6.7) specifies which sample types will have pre~· erified during 
log-in. The form also specifies which preservation may b adj e by log-in, if 
samples are received incorrectly. No preservation adjustme may made without 

gr15100 3.3.doc 

project chemist approval. r ~ 

2.4.7.1 Acid and base preservation is checked usin~pH strips. Determine 
sample pH by briefly dipping (1-3~s) a pH strip in a sample and 
comparing the pH strip color agai the art on the pH strip container. 
The color that matches is the p ea . ecord preservation verification 
results on the Sample Pres ati V 1cation Form. If preservation is 
acceptable, place a check ma t box corresponding to the checked 
sample. If preservation i~t ace able, record the actual pH obtained in 
the appropriate box. Use strips located in the log-in room. Each 
lot is verified for ace~ anj sted as contaminant-free (section 4.3). 

IMPORTANT: 0h:!\,¥previously documented that over time barium 
· ~·11 I ch off a pH strip. Because of the potential for 

b contamination, when testing the pH of a number 6 

& 
· tainer, never allow the pH strip to remain in the water 

longer than 3 seconds. 

If there is insu.fficient evidence that other preservation (for 
example, zinc acetate for sulfides) is present, a Sample 
Receiving Non-Conformance Report must be initiated and 
the project chemist contacted immediately. 

If a preservation check .indicates unacceptable pH at sample-receipt, an 
orange Out-of-Control Sample pH tag (Attachment 6.8) must be placed on 
the container and "initial pH" filled in. In some cases, the sample hold time 
will be shortened. Except for type 6 bottles, the pH adjustment will be 
made in Step 5. 

2.4. 7.2.1 Acid preservation on type 6 bottles at .the time of (or following) 
sample receipt requires sample pre-treatment or analysis be 
delayed for a minimum of 24 hours. The delay allows the 
added acid to re-solubilize precipitated or wall-adsorbed 
analyte (Refer to TriMatrix SOP GR-01-145, Section 8.1 ). To 
avoid additional delay it is important that the metals 
preparation staff be informed immediately of the preservation 
adjustment. Provide a copy of the COC and the Sample 
Preservation Verification Form. Upon receipt of the COC/SPV 
forms, the metals preparation staff must obtain project chemist 
approval to perform the pH adjustment. 
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2.4.7.2.2 · The metals preparation analyst must record all adjustment 
information on the out-of-control pH tag when making an 
adjustment. 

2.4.8 Sample hold time is defined as the maximum storage time allowed be;~mple 
collection and analysis when designated preservation and storage t i es are 
employed. Hold times are typically specified to include any sample Ir a 10 s part 
of the analysis. Sample preparation and analysis must occu it the EPA-
prescribed hold time or sample data must be qualified. Conse en is important 
that appropriate laboratory areas be informed immediately o n · ed samples 
with a significant time delay between collection and receipt by e lab tory. Also, it is 
important that appropriate laboratory areas be informedQe of any received 
samples with very short hold times. . 

NOTE: It is the log-in technician's responsibilit e fa r with hold times and to 
identify any received sample parame wit short hold time. A Short Hold 
Time Analysis List is provided in~nt 9. 

2.4.9 If samples with short hold times are recei ch k the appropriate box or boxes on 
the Sample Receiving Log-In Checkli and n · he project chemist and all applicable 
laboratory chemists. Document the pl · n of all notifications on the Checklist. 
Provide each affected laboratory~a wi~ copy of the COC. 

2.4.10 If a sample is received wiA}f,ld hold time or with a hold time due to expire 
during sample log-in~co a~ject chemist immediately. · 

2.4.11 Samples mus~t · temporary storage until the Laboratory Information 
Management S m S) data entry is complete. 

2.4.11.1 ~a wastewater VOC vials, charcoal tubes and airbags must be 
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in the water-volatiles refrigerator located in the log-in area. 

a mp es requiring refrigeration must not be left un-refrigerated longer than 
1 inutes after unpacking. Bulk soil VOC containers must be stored in 
he soil-volatiles refrigerator, located in the log-in area. EnCore, methanol-

() 

preser\ted and bisulfate-preserved volatiles soil samples must also be 
stored in the soils refrigerator. However, due to short hold times these are 
typically delivered and stored in the appropriate refrigerator located in the 
volatiles laboratory. Received microbiological samples must be stored on 
the designated shelf in the walk-in cooler. 

2.4.11.2 All waste samples must be placed in the log-in hood when received. 
Waste-volatile samples must be stored inside . the waste-volatiles 
refrigerator located in the log-in hood. 

NOTE: If a received waste sample is to be analyzed for volatiles but 
no dedicated sample container is received, inform the 
laboratory. Have an analyst remove an aliquot for the volatiles 
analysis before the sample is opened for other analyses. 

2.4.11.3 All other water, wastewater, and soil containers must be placed on a 
numbered cart and stored in the walk-in refrigerator. Record the cart 
number on the Chain-of-Custody to help laboratory chemists locate short 

·hold time samples that have not been logged in. 
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2.4.12 

2.4.13 

2.4.14 

2.5 Step 4 

2.5.1 

2.5.2 
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Additional information or questions for the project chemist can be recorded in the 
"notes" section of the Checklist. Record whether a trip blank was received/not 
received. If received, mark that the trip blank was recorded on the COC. Record the 
date.and time the project was received at the laboratory and the time pa=:\' was 
brought to the project chemist. 

All paperwork received with samples such as bills of lading, pac~g ps, a1 bills, 
manifests, field sampling forms, corresponden. ce documentssth and all other 
paperwork generated during the log-in process must be plac in n folder and 
delivered to the appropriate project chemist for an initial p erwor review. If the. 
project chemist is not in the office, place the folder in the rt! t's bin. 

· The project chemist must review all paperwork, create ~e Login Specification 
Form and return all paperwork to the log-in area9 

After reviewing the paperwork and creatil'-~ ~pie Login Specification Form, the 
project chemist must return the g en 

1

~the log-in area. The assigned 
technician must then review page two he mple Receiving/Log-In Checklist for any 
additional instructions made by t proj emist. Using the Sample Receiving/Log-
in Checklist, the COC and receigt paperwork the assigned technician 
may proceed to log sample Element ). Each step of this process must be 
documented on page tw o cklist. 

The information lis~!Wl-••· required to properly log samples into LIMS. After the 
information has ered and compiled, LIMS will print labels for each sample 
container. Pr' e affixed to each associated sample container tag. 

2.5.2.1 nd project names - All narratives entered into LIMS by the project 

0 
em1st must be reviewed. · 

2.5. chedules to be used - All relevant analysis, matrix, container type and 

G size, and quantities must be scheduled into the project by the Project 

2.5.2.3 

2.5.2.4 

2.5.2.5 

2.5.2.6 

Chemist prior to sample login unless otherwise specified. The login 
technician may then select the ·schedule referenced on the COC and 
detailed on the Sample Login Specification Form. After selecting the 
schedule, modify the field sample name (if different than the schedule 
name) then add the sampler's name and the collection date and time from 
the COC. Each number must be unique and designated as the laboratory 
identifier for the given sample. 

Bottle description (as received) - The number corresponding to the bottle
type on. the Container Packing List (Attachment 6.10). The Container 
Packing List is generated from the bottle order that supplied sample 
collection containers. 

Client (field) sample identification from the COC. · 

Sample collection date and the military time. 

When supplied, first initial and last name of the sampler. 
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2.5.2.7 

2.5.2.8 

2.5.2.9 

2.5.2.10 

2.5.3 

COC number if available (TriMatrix COC forms are uniquely numbered). 

NOTE: 

NOTE: 

record the initials/date/time 

f the e are samples unaccounted for at this time (i.e. a sample i.s 
t d that was not found on the COC, initiate a non-conformance 
orm the project chemist. Check the Discrepancy box on the non-. 

0 
mance form. · 

. 2.5. f approval is given, any necessary preservation adjustments may now be 

CJ made to orange-tagged samples. 

2.5.3.2.1 Only for those container types listed on the Sample 
Preservation Verification Form and only · with project 
chemist/client approval, add acid or base to samples requiring 
a pH adjustment. All post-receipt preservations must use 

. reagents from the bottle preparation room. To make a pH 
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adjustment, add just enough acid or base to correct the 
discrepancy but do not exceed twice the original preservative 
volume used for normal bottle preparation. Normal volumes 
are listed on the Sample Preservation Verification Form. If pH 
is not adjusted using twice the normal volume, the sample 
exhibits buffering and must be noted as such on the Sample 
Preservation Verification Form. 

2.5.3.2.2 After pH adjustment, record the final pH in the box adjacent to 
the original pH on the Sample Preservation Verification Form. 
Also, record the final pH and acid/base volume added in the 
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2.5.4 
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2.5.3.3 

2.5.3.4 

appropriate box on the orange "out-of-control sample pH" tag. 
Check "ok" or "still out" relative to the final pH attained. 

2.5.3.2.3 The technician performing a pH adjustment must complete the 
"adjusted by" box on the Sample Preservatio~ification 
Form. 

Initial, date and check the "label sample containers" secA the ample 
Receiving/Log-In Checklist after labeling. ~ 

All tagged and labeled sample information must berifie by initialing and 
dating the "verified by" section of the CheckliCJ · 

Sample Storage 

2.5.4.1 All samples must be stored in a se~cted-access area and/or unit. 

2.5.4.2 Samples are stored in the w~l~elf areas according to sample 
number, in a designated refrigV1 numbered container racks. 

2.5.4.3 Sample storage refrigera in mation is recorded in the Controlled 

2.5.4.4 

2.5.4.5 

Temperature Unit (C~ Dai~ onitoring Logbook. 

No sample ma e s~Vthe same refrigerator as analytical standards, 
chemicals, t d/dri . These items are prohibited from storage in any 
refrigerat for sample storage. 

les are stored in a refrigerator in the volatiles laboratory. 
wa r samples are stored separately. Samples are further 

y shelf and rack number. 

2.5.04 on-volatile water and soil samples are stored in the walk-in cooler. 
te samples for volatiles analysis are stored in a designated refrigerator 

n the sample receipUlog-in fume hood. 

t:':. "~ Non-volatile waste samples are stored in a vented storage cabin.et in the s;;;J garage area. Samples are segregated by hazard class. The client name 
and sample number of each sample stored must be written on the Waste 
Cabinet Sample Inventory Form (Refer to Attachment 6.11 ). 

2.5.4.8 If a received sample is determined to be extremely hazardous or toxic 
during log-in or analysis, all aliquots of the sample must be relocated to the 
waste storage cabinet. 

2.5.4.9 Tedlar bags and charcoal tubes for air analysis are stored in the log-in 
water-volatiles refrigerator. 

2.5.4.10 Microbiological samples are stored on a designated shelf in the walk-in 
cooler. 

2.5.4.11 As sample numbers change in the walk-in refrigerator, storage shelf labels 
must be clearly marked with the new range of numbers. 
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2.6 

2.7 

2.8 

2.5.5 Sub-sample compositing is performed by applicable laboratory analysts when needed. 
A composite sample must be identified as such on the composite container tag. A 
LIMS narrative must also be entered by the compositing analyst. 

LIMS-assigned Laboratory Sample Identifier (ID) _ \ . 

2.6.1 A unique LIMS-assigned laboratory sample identification number~I ~rated 
during the log-in process. The sample ID consists of the workorder b followed by 

02, -03). 
a hyphen and a numeric identifier uniqu. e to each sample receioed f ample: -01, -

2.6.2 

2.6.3 

2.6.4 

2.8.1 

The workorder number consists of the truncated year ae; wed by a three-
digit number representing how many workorders were eceiv month-to-date. For 
example, 0704456 reflects the year 2007, April and t 45 workorder logged in 
during April, 2007. · · Q. 
The workorder number appears on labora~o b hs ts and is used as the sample 
ID on all instrument run logs and. associ d w a. It is traceable to the client-
assigned sample identifier. 

A letter suffix follows any sample ~to ~1quely identify each sample container 
received. For example, 07044 -04AV;fies the first sample container received; 
0704456-01 B identifies the s d on until all sample containers are identified. 

all alys i pecified in LIMS by the project chemist. The LIMS default is 14 days 
The~ f days samples must be retained by the laboratory after the completion of 

afte e fi data report has been generated. 

2~{e~e sample retention time has expired, samples may be appropriately disposed 
~-hazardous or hazardous) or returned to the client. 

he waste disposal technician or other designated person must determine how 
samples are disposed of in accordance with the latest revision of TriMatrix SOP GR-
15-102. 

3.0 REPORTING AND DELIVERABLES 

3.1 There is no reporting and deliverables directly associated with this procedure other than those 
described above. 

4.0 QUALITY ASSURANCE 

4.1 For each workorder generated, workorder numbers must be entered into the Sample Receipt 
Record Logbook. Verification that a workorder folder has been compiled must also be 
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4.2 

4.3 

documented by recording in the "folder prepared" column of the logbook. This logbook must be 
reviewed on a daily basis. 

Each lot of pH strips must be checked against certified pH buffers and documented in the pH 
Strip Calibration Logbook (Attachment 6.12). This test is performed by the : tistry 
laboratory. 

New pH strip lots must also be tested for contaminants and interferences. n 
4.3.1 When an approximately one-month supply of pH strips remas, ~an order for 

another four to six-month supply. The ordered pH strips must e fro ne lot number. 
Upon receipt by the laboratory, provide the Quality Assu6 ent with the lot 
number. The Quality Assurance Department will act as e pr · ct chemist and create 
a LIMS workorder for the test. · 

To test a new pH strip lot, add the appropriate ~rv. ·veto con. tainer types 3, 4, 5, 6, 
13 in accordance with TriMatrix SOP G~-1 1 Fi with laboratory reagent water 
from the applicable laboratory area and o. s· a strip in each container. Let the 
containers stand for 24 hours in the sampl eiP. · g-in fume hood. 

NOTE: It has been previous~oc••,.:ented that barium will leach from a pH 
· strip during this w.· .. ,, F~ reason, prepare a second type 6 bottle 

without the · · f H strip. Rather than depositing the strip in 
the contai r th als analyst must quickly dip the strip in the 

4.3.2 

contain t imi a typical pH sample check. Analyze the water in 
the d" er for barium only. · 

4.3.3 ver test containers to the appropriate laboratory area for analysis. 
s m st be performed on the test water: 

Preservative Test 

Light Blue Na OH Cyanide 
Nitrate, Nitrite, Sulfate, Chloride, 

Green none Fluoride, Bromide, Cr6
+, Alkalinity, 

Acidit , o-Phos hate 

4 Dark Blue H2S04 
TKN, Nitrate-Nitrite, Phosphorus, 
COD, Ammonia 

13 Brown H2S04 Phenolics 

Ca, Fe, Li, Mg, Hg, K, Na, Sr, Sn, 

6 Red HN03 
Ti, Al, Sb, As, B, Be, Cd, Cr, Co, 
Cu, Pb, Mn, Mo, Ni, Se, Ag, Tl, V, 
Zn 

6 Red HN03 Ba 

4.3.4 The Quality Assurance Officer must review the test results and approve/reject the new 
lot of pH strips. Do not use the new lot until approval has been received .. 
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4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

Liquid-in-glass thermometers must be verified against a NIST-traceable thermometer, at least 
annually. 

Digi.tal st.em-type therm.ometers must be verified against a NIST-certified thermom=~ least 
quarterly. . . 

The Infrared thermometer must be verifi.1ed daily. against the NIST-traceable t11· er e cated 
in the walk-in cooler. This verification is performed by the Quality Assuranc ep men. The 
IR reading must agree within ±0.5° C of the cooler thermometer. Docume~t e results in the 
Infra-Red Thermometer Calibration Record logbook (Attachment 6.13). 1 of greater 
than ±0.5° C will require the use of a correction factor on all temperatu mea rements made 

that day. ~ 
Refrigerator temperatures must be verified daily. Results of the v · ·c n are recorded in the 
Controlled Temperature Unit Logbook (Attachment 6.14)~· verifica ion is performed by the 
Quality Assurance Department. 

Storage blanks are in all refrigerators used for vol~ r;J~ amples storage. These blanks 
are analyzed weekly by the volatiles laboratory. v 
All tagged and labeled sample information mu)...., v~ied by initialing and dating the "verified 
by" section of the Checklist "-... y· 
Paperwork contained in the project ~~pt document folder must be reviewed by the 
project chemist. ~ \.J · 
Samples whose pH pres~rv 1 · rect must be tagged with an out-of-control sample pH 
tag. Improper preservatio co ted only with approval from the project chemist. Record the 
discrepancy on the~ag ti a pr riate paperwork (Section 2.4.7). 

A Sample Receivin formance Report must be generated for the following problems: 

iscre n between a COC and container 
...-~"'IL'· in propriate, or extra container 

, r incomplete label 
container 

•Low olume 
• reservation (chemical and/or temperature) 

4.1 ul rities and non-conformances in sample receipt/log-in documentation must be 
opriately corrected and fully documented. The chain-of-custody and associated documents 

comprise an agreement between TriMatrix Laboratories and clients for analytical services 
requested and performed. 

4.13.1 If a COC item requires correction, draw one line through the item then date and initial 
the line. This must be done only by client request or authorization. Consequently, 
always include "per <Client representative's name>". 

4.13.2 If a client provides pre-digested, pre-leached, or pre-extracted samples and is 
requesting only an analysis, notify. the project chemist before proceeding with sample 
log-in. The exception is when prior arrangements were made and previously 
communicated to log-in by the project chemist. 
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4.14 

5.0 

5.1 

5.2 

4.13.3 Do NOT obliterate an original communication by scribbling or any other type of write
over. The original must remain legible. Strike out the original communication with a 
single line then date and initialize the correction. 

4.13.4 Use ONLY indelible blue or black ink. ~ 
TriMatrix reserves the right to refuse or reject a sample for a variety of reason:A reasons fall 
into two basic categories; health based, and quality based. "' 

4.14.1 Health based reasons are of immediate concern. Samples 0 pose a risk or 
become unsuitable for handling, transport, or procese'g" health, safety, 
environmental or other reason, whether or not due to the rese in the sample of any 
hazardous substance and whether or not such pres e s been disclosed to 
TriMatrix will immediately be rejected. ~ 

4.14.2 Quality based concerns are more common s i sample rejection. Items such 
as incomplete sample identification, i pr ri sample container, inadequate 
sample volume, broken container, and Ii i exceedences, may also result in 
sample rejection. The most co~n~'f: · based violations are detailed on 
Attachment 6.5, "Sample Receiving No.vrmance Report". 

4.14.3 All items flagged on the n ~--__:ce report will be evaluated by the project 
manager. The project ma ger~~~ss all violations with the client and samples 

will rejected or qualif~ ~ingl 

REFERENCES ~~ 

~B~Preparation, latest revision 

5.3 TriMatrix SOP R-15 02, Laboratory Waste Disposal, latest revision 

5.4 Test Mee ~Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rc1 Edition, Final. 
U~da ~ion 3, December, 1996, Chapter 2 Table 2-36, Chapter 4 Table 4-1, Chapter 3 
~ -

5.5~. Fede.rat Regulations, Title 40, Protection of the Environment, Volume 19, latest edition, 
Ch ter I, Part 136, Subpart D, Guidelines Establishing Test Procedures for the Analysis of 

utants, Environmental Protection Agency 

5.6 Code of Federal Regulations, Title 40, Protection of the Environment, Volume 19, latest edition, 
Chapter I, Part 141, Subpart D, National Primary Drinking Water Regulations 

5. 7 Competency Requirements for Calibration and Testing Laboratories: International Standards 
Organization, ISO/IEC Guide 17025, latest revision 

5.8 N.ational Environmental Laboratory Accreditation Conference (NELAC), Quality Systems, Chapter 
5, latest revision · 
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Chain of Custody Record ccicNo. 105754 
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i=t=J . ...::.1 __ .)_.J_.:~~-1-...::.! __ _i . ...:.~I (:> P!lf.SERvmm . 
{ j :' /, ,' / / i f / / A N~NepHw7, , . 
/ i ; I I ! l I f i ; B _HNO,pHcl 

/ I I ' i i I I i f c H,SO.Ptt<Z 
1 t / I / / ·i D l+IJ:IClpH<2 

/ : J ,.l } I E N10tt'pH>12 
I .: ,. .. ~ptb.9 
i / G McOH . 

. ~ IC:ommcna. 
____ !!!.!?'"~~-~-· c.vrn._· .. ~~ 

lnWziaNo. 
•c~,....._-,-...,--------- , .. ...,,.....,, - -
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Attachment 6.3 
Sample Receiving Log-In Checklist (page 1) 

ATriMatrix SAMPLE RECEIVING I LOG-IN CHECKLIST 
~Laboratories. Inc. new I add10 

___ .... 
QlyReaived 0 IR0un(f94) 

Thennomct..- u...i a lligi131 Tharoolmlcr !r.i4l 

01l><r a Olht:r <•-1 

Custody Seals 

a none 

a prescnrlilllaCI 

0 pn:senl I nol inlBCI 

CllSlOdy Seals 

a none 
0 presenl I inlBA:I 

Tuno 

0 presenl I DOt inllld 

Coolanl Location: Coolant Loca1ion: 

IJispcned I Top I Middle I Boaom Dispened I Top I Middle I Bouom 

CoolanllT~ T.aten Via: Coolanl I TempcrablnO Taken Via: 

CoolCl'No. 

Cuslody Seals 

a none 

Time 

a prcsentlinract 

0 present I DOt intJICt 

3.3 
1/12/12 
2/27/96 

0 loose ia: I avg Z-3 amtainm 

0 bagged ice I avg 2-3 coutainm 

a blue ice I avg Z-3 Containers a none I avg 2-3 conuinen 

0 loose ice I avg 2-3 oonaiincn 

a bagged ice I avg 2·3 conulinen 

0 blue ice I avg 2-3 cmtainm a none I avg 2-3 containers 

loose i~ I avg 2--3 conblinen 

Q bagged ice I avg 2-3 c:onrainus 

0 blue ice I avg 2-3 conraiom 

gnone I avg 2·3 containers 
AllCnlaU: TempcralllnO Taken Via: 

a remper.mno b1ant <lb> 

0 I container 

Alrr:nweT....,........,Tak<n Via: 

a remperarun: blank <lb> 

Roconled 'C Correction 
Factor'C 

" 
"""""""' 

A•erap"C 
a. Coo!CI' !Don COC7 

a 

NIA Yes 

a 
a 

a 
a 

a No analyllis nquested 
No a Sample ID mal<hes CCX:? aSoinple date and lime malcbcs coc1 

a Container rype con.,Jel<d on COC7 

a l:IAll conlainCl'l)lles indic:ned""' received? 

Sample Condition Summary a Jlloo.TriMalrlx 
NIA 

a 
a 

Yes No containers, see Nolel 

a Broken conuinmllids? 

0 Missing or incomplere labels? 

a Dlegible infmmation 00 labels? 

Low volume recciw:d? 

Alltmlle T._......., Tam Via: 

a ~blank<lbJ 
a lamaiiDCI' 

Actual 'C 
Corm:tion 

Roconled 'C F:u:ror •c Actual 'C 

Check Sample Preservation 
NIA Yes No 

" 

Aterap'C 
0 Coola ID on COC7 

a 

0 aAvengesampleiempcratun:S6'C? 

0 0 Complel<d Sample l'r<semlliou Yerificalioo Form? 

a a a~le1prescrwdcor1'Clly7 
a a If "No". added orange 1ag1 
a a Received pre-pmerved voe soib? 

a McOH a N.,SO, 

Check ror Short Hold-Time Prep/Analyses 
a Bacteriologicol 

0 Airllags AFJ"ERHOURSOlllLY: 
0 EnCora I Medlanol Pre-Pn:served COPIES OFCOC TO LAB AREA(S) 

a Formahk:hyddAlddlyde a NONE RECEIVED 

a Clrocn-tagged Coolllinm a . RECEIVED. COCs TO LAB(S) 
0 Yellow/While-tagged IL Amben (SV Lab) 

Notes 

a 

revision: 2.S Log In Forms· Receivi"11.l.og·ln_CbeckliS1 
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SOP Name: Sample Receipt and Log-In Revision Number: 
Date Revised: 

SOP Number: GR-15-100 page 20 of 32 Date Initiated: 

Attachment 6.3 
Sample Receiving Log-In Checklist (page 2) 

ATriMatrix SAMPLE RECEIVING I LOG-IN CHECKLIST - page 2 
f9 Laboratories, Inc. 

Notify Laboratory Personnel of Short Hold· Times 
lllldfor Rush Work 0 NONE 

(Lab pcrsonnd llOli6ed/date) 

0 lnorgDnics 

0 Miaobiology (baaaia) ----------
0 Memlsl'np 

0 Memls 

0 GC-Volaliles 

0 MS-Volatiles 

0 Semi-Vol Pnp 

0 GC-Scmi-Volaliles 

0 MS-Semi-Volatiles 

Log-In Priority 0 RUSH O Standard . 

Project Cbenmt Notes to Log-In Personnel 

Trip Blank: a Log-in 0 Do not log-in 

0 Prep Storage Blank for Client (VOCs) 

0 Sub-Contracting required 

0 

0 

0 

Log Samples Into LIMS 
NJA 

0 

0 
a 

Yes 

0 
0 
0 

0 
a 
0 
0 

Receive~ in UMS 

Dalcfl1me n:cdval ClllaOd in 

Read project and submiual """" . 

Applicable slickers applied 10 containers? 

0 Waste sample 

0 PTsample 

0 USDA regulalecl 

a 0raoge-<aggec1 comaincn pttscufl 

a Adjust pH per Projca Chemisl 
Initials aod Datefl"imo Adjusted on orange tag? 

lailiab and Daldruno Adjusted on Presenation form? 

Verify Label Accuracy 
a 

Sample Storage Cb<d< all that apply 
bacteria............ 0 bacteria refrigem1or 

non.volatiles ..... . 

volatiles ..........•. 

WDSlC .••.•.••.•.•.•• 

WllSlc:VOCs ••..••. 

low-level Hg .... 

0 wllllr.-incoolcr 

0 volalile lab refrigeralOr 

0 wasie cabinet 

0 log-in hood refrigenuor 

0 melal5 lab ·DO NOf SfORE Ill W AUt·IN 

Paperwork 
NIA Yes 

a IJri&inal COC (white) 

0 copy of COC (yellow) 

0 receiving/log-in checklisl 

0 0 additional cooler infanmtion fonn 

0 0 sample preservation verification 

0 0 wnple i=iving non-conformance ronn 
CJ 0 shipping documents 

CJ CJ cuslOdy sea1' 

CJ aniwl log 

CJ CJ olhc:l"(nole) 

revision: 2.S Log In Forms - Receiving.Log-ln_Chec:tliSt 
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SOP Name: Sample Receipt and Log-In Revision Number: 

SOP Number: GR-15-100 

CuslOdy Seals 

Cl llOllC 

CJ pr<sa!I / imacl 

0 pre3enl I not inract 

Coobm Location: 

Di>pencd I Top I Middle I Bottom 

Coolanl/TempemumTaken Via: 

0 loose ice I avg Z..3 contai.neB 

0 bagged ia: I avg 2·3 CODtlincn 

0 blue ice I avg 2-l tolltainm 

fQ~~ nooe I avg 2-3 comainen 

Altcmale TcmpcnlUI<: Taken Via: 

0 lemperalllrC blmlr. (lb) 

0 I container 

.. ........ 

Av.._·c 
0 Cooler ID oa COC"' 

0 

CUslOdy Seals 

0 oooe 
0 prescnl I intad 

0 pn:scnt / llO( lm.aa 

Avaap"C 
Cl Cooler ID on COC1 

CJ voe trip blaolt rec<ived7 

revision: 2.0 

gr15100 3.3.doc 

Actual 'C 
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Attachment 6.4 
Sample Receiving/Log-In Checklist 

Additional Cooler Information 

Date Revised: 
Date Initiated: 

SAMPLE RECEIVING I LOG-IN CHECKLIST 
ADDITIONAL COOLER INFORMATION 

Custody Seals 

o ..... 

Timo 

0 prelCllt I imact 

0 prelCllt / DOI imact 

Dispmcd I Top I Middle/ Bollom 

Coobm I Tempemuro Taken Via: 

i::J loose ia: I avg 2·3 cool.linen 

0 bagged ia: I avg 2·3 c:onlllincn 

C blue ice I avg 2-3 cootainen 

:2.~"""" I avg 2-3 conlllinm 
Allana1C TcmpcnlUI<: Taken Vi"' 

0 ~blank (lb) 

loose i<c I avg 2-3 conlllinen 

0 bagged ice I avg 2-3 coouinen 

Cl blue ia: I avg 2-3 conlllincr.s 

&1 DODe / avg 2-3 conlllinm 

Allmla!O Tempmmre Taken Via: 

Cl ~blank (lb) 

Cl I amtaines 

.......... 

AYenp'C 

CJ Cooler ID on coc• 
o voe trip blank r=ivod7 

Cooler No. Time 

CUstody Seal• 

Cl none 
0 _.,intacl 

Cl _./ootintacl 

Coolant l.ocalioo: 

Cl15!0dy Seals 

0 oooe 
Cl pment/intac1 

0 presenl I ROI intact 

Coolant Location: 

Dispcncd I Top I Middle I Bollom 

Coolanl /Temperatw<:Taken Via: 

O loose ice I avg 2-3 containen 

0 baggod ice/ avg 2-3 comaioers 

Cl blue ice/ avg 2-3 a>ntainers 

;~ti none I avg 2-3 containm 
Altanate Temperanu<: Taken Via: 

01~blaolt(tbl 

0 I cootainer 

Correction 
Reconied 'C Factor •c Actual 'C 

Aferage 0 

Cl Cooler ID on COC7 

Cl 

Log In FomB - Addiliona!_Coolcr_lnfo 

loo.e ioe I avg 2-3 coalllinm 

Cl bagged loo I avg 2-3 conlllincn 

0 blue Ice I avg 2-3 cootainen 

im oaoe I avg 2-3 cootainen 
Allen>aleT-Taken Via: 

Cl l<:mpcl1llUre blank (lb) 

Cl I comainer 

CuslOdy Scab 

Cl DOiie 

CJ presenl I iDIACI 

0 present/ DOI intad. 

Coolant Loca!ion: 

lli5pened I Top I Middle / llollom 

Coolant I Temperature Taken Via: 

Cl loose ice/ avg 2-3 cont.ainm 

. 0 boged ice/ avg 2·3 conlainen 

O blue ice/ avg 2-3 conlllinm 

LSm none I avg 2-3 cuntainen 

Altemate T....,.,,mne Taken Via: 

0 _......blank (lb) 

0 I cootainer 

Reamkd'C 
Conectioo 
Factor "C 

A..._•c 
0 C.ooler ID on COC? 

Cl voc trip bla.olt r=ived7 

3.3 
1/12/12 
2/27/96 
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Attachment 6.5 

I 

Revision Number: 3.3 
Date Revised: 1 /12/12 
Date Initiated: 2/27/96 
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SOP Name: Sample Receipt and Log-In 

SOP Number: GR-15-100 page 23 of 32 

Revision Number: 3.3 
Date Revised: 1/12/12 
Date Initiated: 2/27/96 

Attachment 6.6 
TriMatrix Sample Container Tag and Log-In Labels 

381536 
Office •• 

January . ..13,. 2005_.Sam.ul.e.s .. : 
R=O C:O H:O 

Cllent-----~F~---..

Project Number:---J.~f=.~-

A REGULATED 

SOIL SAMPLE 

Dala:_...-... __ -r"__.'-._ ------ '.¥:: 

z 
. PY8servauve:~· -.=:S;--:--- a: Field pH __ 

Please verify pH in laboratory. 

Composite 
Before Analysis 

Initials 

PE SAMPLE 
do not dispose of 

until notified 

Date 

Composite 
Before Analysis 

Waste Sample 

Return to appropriate 

shelf in waste. cabinet 

gr15100 3.3.doc 



SOP Name: Sample Receipt and Log-In Revision Number: -3.3 
Date Revised: 1/12/12 
Date Initiated: 2/27/96 SOP Number: GR-15-100 page 24 of 32 

Attachment 6. 7 
Sample Preservation Verification Form 

.... 6. TriMatrix 
... Laboratories, Inc. 

SAMPLE PRESERVATION VERIFICATION FORM 

-~ ~ Ctient , .............. 
-Loa"'- """""'"'"'- ProjdOaml 

~ 
..... 

COCIDNo. 
Adjusted by: 

DO NOT ADJUST pH !UR 111ESE CONTAINER TYPES 

~~ Dair. 

Conraioer Type 5 4 13 3 6 15 
Tag Color IL Blue Blue BIOWll Gtom Red Red Stripe ~ ~~o. 

Preservative Na OH H,SO, H,SO, Nooe HNO, HNO, I • 1846 

l!xpecred pH >12 <2 <2 I -7 <2 <2 "" :::J 

COCU..No. I - __ .. 
A........., 511111D1eo; Far each 

COCLincNo. 2 I ~ sample and coat!ina type. i:ha:k 

COCU..No.) i ' ' 
!be box if pH is ac<eptable. If 
pH II not oettptahle ror any 

COCLinoNo. 4 I ; ~ sample CODlalmr, ream! pH ID 

'Y ,, 1-, Biid DOie Oii Sample 
COCllnoNo. S Recehlua Chedllsl Biid oa 

COCllnoNo. 6 ~ .... ~ Sample ll<cd""8 Non-
Cool'ormanao Form. If 

CCX:l..ioeNo.. 7 ~I appioved by Project Chemist. add 

acid or base to !be sample to 
COCllnoN0-8 ' ,,,,,_v achieve the comet pH. Add up 

COCL.incNo. 9 , ,, ,, to. bot do not aceed 2x !be 
volume initially added Bl 

coc Line No. 10 I 1 
~ 

coaraioa pqi (sec table below 

Comments LQ--'-' 
for initial volumes used). Ad!!.. 
oramre RD b!I m amals 
c:ontllln<rl!!!llrecotd 

ll!fm:Dl!llklll Dlll!ISlllSIL Recwd 
iul)uskd pH OD Ibis rorm. Do 
not adjust pH ror eonl8lner 

COCIDNo. 

' 
Adj .. .1. 

types 3, 6, and IS. 

..... _ v DO NOT ADJUST pH !UR THESE CONTAINER TYPES 

- Container 
Original Vol. 

Coniaioa Type 5 3 3 6 15 Siu (rnL) 
of Preservative 

Tag Color ILBI- -.Bl'A. Browo Green Red Red Stripe 
(mL) 

Preservlllive Na~r '°~ H,SO, Nooe HNO, HNO, Coolaiocr Type S: NaOH 

l!xpecred pH _>I ... .. <2 -7 <2 <2 soo 2.S 

COCUneNo.I ...... .... 1000 5.0 -
COCljf_No.\. I 
COCLino~ ~ Container Type 4: H,SO, 

125 o.s ... --~-.._No.S I 250 1.0 ; 

' 
~"Na.6 500 2.0 

LJ#t.im:No.1 1000 4.0 

COCUneNo.8 

COC Liae No.9 Container Type 13 H,SO, 

COCUneNo.10 500 2.S 

Comments 

version: 1..5 Log In l'orms - Sample_Prescrvalion_Clla:klist 
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Attachment 6.8 
Out-of-Control Sample pH Tag 

Revision Number: 3.3 
Date Revised: 1/12/12 
Date Initiated: 2/27/96 



SOP Name: .sample Receipt arid Log-In 

SOP Number: GR-15-100 page 26 of 32 

Attachment 6.9 
Short Hold Time. Analysis List 

Revision Number: 
Date Revised: 
Date Initiated: 

3.3 
1/12/12 
2/27/96 

...._jl 
Parameter Hold Time 

Short Hold Time Analysis List 

(From Date/Time Sampled) .- -
lnorzmics I • Dissolved ()xye;en Field or ASAP " Conductivity Field or ASAP ..,........., 

Ferrous Iron Field or ASAP • ' ,.. 
pH Field or ASAP "- • Residual Chlorine Field or ASAP Ar- "-I' 

Sulfite Field or ASAP • 6 
Coliform, Total and Fecal - Potable Waler 30Hours 1\. • Coliform. Tolal and Fecal - Wastewater 6Hours ~ 

Coliform, Total and Fecal - Non-Potable Water for Co1111>1iance Purposes 8Hou.-
Coliform, Total and Fecal - Non-Potable Water for Non-Comnliance Purposes 24Hslrs ' Hcterotrophic Plate Count - Potable W atcr 8.JiloW-.... • Hctcrotrophic Plate Count - Non-Potable W atcr for Co111Dliance ::- ·iio\ll'S' 1 
Hetcrotrophic Plate Count - Non-Potable Water for Non-Co111Dliancc ~ 24JMRus ..... 

Chromium. Hexavalcn 
..... BOD 4~ 

...Color 48.liOurs 

MBAs I FoaminR ~ llKHours 
~ IB>l!Cll. Ni 48 Hours 
·- n..MMite 48 Hours 

II Phi'I !Wxllll!"Ortho 48 Hours 
11.Phospho •.Dissolved 48 Hours 

.Allio..'-. ,J.F Turbidity 48 Hours 

" =-._Prep Lab 
I ~dehydc- Water 3 Days to extract ...... Jilllehvdes/Formaldchydc - Soil 14 Days to Leach, 3 Days after leach to Analvze 

~ .. ....... .... ORO - Water 8015 1 Days 

' ' ORO - Soil 8015 14 Days 

' - Wisconsin ORO - Water 70avs 
._ Wisconsin ORO - Soil IODays 
- olatilcs (BNA/PNA/BN or AN) - Water 8270 7Davs 

Al ~latiles (BNA/PNA/BN or AN) - Soil 8270 14 Days 
g • PCBs •Water 8082 7Days - .... I PCBs - Soil 8082 14 Days 

I -- Pesticides- Water 8081 7Days .. 11 Pesticides - Soil 8081 14 Days 

'-"'" I Herbicides - Water 8151 1 Days ,_ 
Herbicides - Soil 8151 14 Days - HPLC PNAs - Water 7Days 

"" 
-
' HPLC PNAs - Soil 14 DaYS ... , Oreanics in Waste-PCB/Pesticides 14 Days ... Organics in Waste-Herbicide 14 Days ,, Organics in Wastc-BNA/PNA/BN or AN 14 Days 

Volatiles 
EnCore 48 Hours to Pretrcat, 14 Days to Analyze 

MeOH Preserved Soil 48 Hours to Pretreal, 14 Davs to AnalV7.e 
Unpreserved Styrene - Water 7 Days 

Unpreserved 2-Chlorocthyl Vinyl Ether - Water 1 Days 

Short Hold List Revision 2.1 

gr15100 3.3.doc 



SOP Name: Sample Receipt and Log-In . Revision Number: 

SOP Number: GR-15-100 

ATriMatrix 9"9 Laboratories. Inc. 

Client: 
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Attachment 6.10 
Container Packing List (page 1) 

Date Revised: 
Date Initiated: 

Container Packing List For any questions rcganling these contai=s, 
contact a Projec!Cliernist at(616)975-4SOO. 

Project: Page o( 

3.3 
1/12/12 
2/27/96 

::~; ;'~ ~;;;:_ : ~#~s~~~r,~ ~::i~7~~~~:~~!':~~:;~~~~. ~~ ~~~~, ~::a~';"l~';'~::; .1,6 ~ 
I : ...ii l 

10 

II 

12 

" 
" 

11 

II 

.. 

-

gr15100 3.3.doc 

Total Containers 

6 ToalMaals 

Oil& 

9 SuUido - ...... 

10 TOX IT "Ii ..... 
II TOC. Q 
12 ORO... II 

I 

:.l.l -

::i: I 
.olllllt ........ J..1111 

r .. 
It. I 

llo..L...or' 

:?,.,':? .~.t;;~ONS:~~. ~!::~:~·PRESERVATIVE~:~;~-:- :.o:.t:.:~se.\TAG.COLO&Sis':f;:~~:: 

125mLPlasdl:~ 

300 mL Amber Gbss + IQOtf-.. 
250 mL - Gbss •/ Seplll Lid 

IOOOmL.._Glm 

31111 mL -Glass 
250mL-Glm 

Plaslio 

40 C.ool to 4• C Yellow & Blxt Srripc 

HCl:Cooho••c YeDow 
Coolto4•C Salmon 

12'.1'°--1000 Coalto••c Gr«n 
12'.:t5Q. :IDG.1000 pH <2 wf H,SO, D:ntBblo 

""' pH>l2w/NaOH UglJIBlllc 
IU.2'0.~IOCIO pH<2wfHNO, Ra! 
IOOllWM. IOOQNM pH<lw/H~. D:nt Biiio 

'" Na,S,0,: Cool IO •• c f'ro.Lobdcd (Wlrl12) 

7.Jnc ARWe Bl Lab: ~ Ln P\dd Ugb!O.... 

"" pH<2wJH,SO, Ulac 
pH <2 wl "150, Pint .... pH<2w/HO Gray ... pH <2 w/ HiSQ, Brown ,,. Coolto4°C 0nnse 

1u.:uo,soo.,1000 pff <2 w/HNO, Ra! 6t Whim Scripo 

IU.UG,300.HIOO Coolto4° c While 

ll:S, uu. JCI0, 1000 Cool to,. c Mmlila 
Coolto4°C UglJI Yellow 

"' Cool to.a• c YeDowolt BlackScripo 

"' Cool1o••c Yellow&. White SUipc ,.,,, Cool to'• c label on Bag 

MeOH in Ocld; Cool ID 4° C f'ro.!Jib:led 
O..iPY.U-UW•Lob) 

I 

pH S.9;Cool io4" c I yellow "' While Slripe 

I Millipore I I 
IASTM Melals Free I I 

n:vision 4.4 
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Revision Number: 3.3 
Date Revised: 1 /12/12 
Date Initiated: 2/27/96 

Attachment 6.10 
Container Packing List (page 2) 

Client: 

Project: Contact: ________ -zlllr--:Jl--

TriMatrix Project No: Date of Request: 

Type of Order: 0 One-Time =:> Due to Client: 

or 

® Calendar =:> Frequency: 

Prepare Containers For: 

D Jan D Feb D Mar 
Months 

D D 0 Sep Jul Aug 

Weeks D D 2 03 

Days D M D T o·w 
Containers will be ®Picked Up or 

Pick up/Ship Date: 

OWeekly 

OMonthly 

OQuarterly 

0 Apr 

D Oct 

D 

------------==== 
Ship Containers to: 

Telephone No:-------:------',..,.---"'"--'.--

Shipment to include: 

Comments: 

gr15100 3.3.doc 

0 Semi-Annually 

0Annually 

®Daily 

Jun 

Dec 

® Standard Overnight 

0 Express Saver 

0 Ground 

0 TriMatrix Courier 

0 Temperature Blanks 

OWB TM#? OY ®N 

D Cooler Banding Required 

rcvision4.4 



SOP Name: Sample Receipt and Log-In 

SOP Number: GR-15-100 page 29 of 32 

Attachment 6.11 

Revision Number: 3.3 
Date Revised: 1/12/12 
Date Initiated: 2/27/96 

Waste Cabinet Sample Inventory 

A. TriMatrix 99 Laboratories. Inc. 

Client Name: 

A 
i"'I 
~ 

...... ~ 

' ' ._ -_, 
I '~ ~ J 

.~~ 
I \\ 

~~ ... JI ,._ 
A 

._ -
~ ' I'~ 

I 
........ 

gr15100 3.3.doc 

Waste Cabinet 
Sample Inventory 

Sample #('s) 

Waste Shelf~ 
Disposal Method .#'aL• 

~ 

~ 1""11111.., 
I '"' -~ 7 , ---

"' I 
~ 

~ 
c. ' i' 7 

Ii"'¥' 

"' i 
..... "" !ii.. .. ... "' _, 
~ 

r~ II..~ 
I I 

"~" JI 
~ -
' • 
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SOP Number: GR-15-100 

Date 

. page 30 of 32 

Attachment 6.12 
pH Strip Calibration Logbook 

6 TriMatrix 
•• Laboratories, Inc. 

pH Strip Calibration Logbook 

Lot# pH4 pH7 

Revision Number: 3.3 
Date Revised: 1 /12/12 
Date Initiated: 2/27/96 

pH STRIP CALIBRATION CRITERIA CORRECTIVE ACTION 
I. The acceptance range for the strips is to read the exact pH of the buffer being checked. The wide range strips 
must pass this criteria at all three levels, 4, 7, and 10. The narrow range pH 5-7 strips are only checked at a pH 
of7. 

2. If the pH strips do NOT read at their appropriate levels, that lot number must NOT be used Return them to 
purchasing. · 

file: PHSTIUPS page number I of 12 rcvisioo: 1.1 
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SOP Name: Sample Receipt and Log-in 

SOP Number: GR-15-100 

Date Time lnlUals 

121 /05 
121 /05 
121 /05 
121 /05 
121 /05 
121 /05 
121 /OS 
121 /05 
121 105 
121 /OS 
121 /OS 
121 105 
121 105 
121 /OS 
121 105 
121 105 
121 105 
121 /05 
121 105 
121 105 
121 105 
121 /OS 
121 105 
121 105 
12/ 105 
121 105 

'· 

fi 100 3.3.doc 
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Attachment 6.13 

. ..t..~ TriMatrix-
.,.. Laboratories, Inc. 

Revision Number: 3.3 
Date Revised: 1/12/12 
Date Initiated: 2/27/96 

~ r~-RED THERMOMETER 
ER CALIBRATION RECORD ~ ._, 

NIST ~ rc~ ~nee Acceptable? 
Thermometer (<0.so·c Comments 

Reodlog* 
Read .... DUl'ereoce) 

- Ar !lo. Yes I No 
'di" ... ..__ 

" Yes I No 
I .......V.0.</ No 

j ,. ye] Ill No 

I Yes Ii No 
VAi lfNI 

--Y-csJI lllJo 
Ylll'/No .... 
Yell.No ...4 
Yes/~# A 

Yes/No' A""'-
Yes/ No ... Ar"- ~ 

-
Yes/No " ~ ..A.. 
Yes I No ' I ' Yes/No " • Yes I No ' .JI/IT 
Yes I No - -Yes I No 4T ' Yes/No • • Yes/No '- - . .-. 
Yes I No 

_, 
~ 

Yes/ No I I 
. Yes/No .... ..... r~ . 

. . Yes/No -.1 . ' ·Yes I No " '---6 la 
Yes/No • ·---'Calibralcd vs. 'lbcnnomda t (<0.50-C differa><c at 4' C vs. NIST1bmnomc<er#97 (serial# 1740) r:-

page: 12 of 12 revision: 1.0 
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Attachme.nt 6.1.4 

~~() on ro e - empera ure. m a1y og ee C t II d T t U "t D 'I L Sh t 

. 6 TriM~l!!{ ~~ Controlled Temperature Uoit.#32 

ft Laboratories, ·1n -".· ~ t Daily Log Sheet 
' . ........... ....... ..._1 ..... v ~ Purpose: Incubation of Bacteriological Sample Plales. 

Model Number: 31750. ' · Control Windows! Low: 34.5° C High: 35.5° C. 
Serial #: 699091394 · ~ Thermometer #'s: 37, 36 

Location: Inonzanic Laboratory · ~ Thermometer Serhil #'s: 6187, 6171 

Time of First Reading First~ng 

~ 
Time of 

:>econd · :.econd 
Reading (0 C): Reading ("C): 

Dale Initials First ("C): Top (°C): Bou~~ ~Ccond Toji Bottom · 
Adjusunents/Observalions/Comments 

Readings Thennomeler Thermo met ~ngs .~. -
• v ' j 'I ... :· I II 
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"'I • ..I· 
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1.0. SCOPE AND APPLICATION 

1.1 

1.2 

1.3 

1.4 

2.0 

2.1 

3.0 

3.1 

3.2 

This procedure is applicable to the flashpoint of liquid waste samples. The procedure, while not 
technically applicable, is also used to determine the flashpoint of solid waste samples. 
Flashpoints reported from the analysis of solid waste samples will be qualified. _ \ 

This procedure is not applicable to waste samples that are difficult to ho~m~ere a 
representative aliquot cannot be analyzed in the tester. · · 

The applicable range is 68 - 200° F. 0 . 
The minimum flashpoint temperature reported for this analysis is 68CJ 

PRINCIPLE METHOD REFERENCES ~ 

Test Methods for Evaluating Solid Waste, Physical/i~h ic e ds, SW-846, 3rd Edition, Final 
Update Ill, Revision 1, July, 1992, Method 1020A," afl h ed-Cup Method for Determining. 
lgnitability" . . . 

SUMMARY OF PROCEDURE · '"y 
A small sample aliquot is heated at ~Yant rate while a flame is intermittently directed 
into the cup at regular intervals~o e~apor flash. / 

The flashpoint is the low~~ at which application of the flame ignites vapors above 

the sample and a flash is~ " . 

4.0 PARAMETER OR ~D LIST 

4.1 Flashpoint 0 
5.0 ~~€;0Ps · 
5.1 . · P GR-15-102, Laboratory Waste Disposal, latestrevision 

6.0 ~RFERENCES AND CORRECTIVE PROCEDURES 

6.1 Use the actual ambient air pressure of the laboratory at the time of testing to calculate adjusted 
flashhpoint. 

6.2 Solid samples must be homogeneous and representative to give an accurate result. If not, 
narrate that a representative and/or homogenous sample could not be evaluated. 

6.3 Do not open containers unnecessarily or make sample transfers at a temperature within 30° F of 
the flashpoint. Do not mix solid samples excessively to minimize the loss of volatile materials. 

gr18124 1.5.doc 
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6.4 

6.5 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

8.0 

Use the draft-free box during the flashpoint determination to minimize drafts across the flashpoint 
tester. 

Care must be taken to assure that all test conditions are consistent. These conditions include the 
size of the flame, the rate of temperature increase, the frequency of dipping the =l::o the 
sample vapor and observation of the flash itself. 

SAFETY PRECAUTIONS ~ 
Wear a laboratory coat and approved safety glasses while in the 10~. In addition, 
disposable gloves must be worn whenever samples or reagents arer~ 
Follow all instructions outlined in the TriMatrix Laboratory Safety ~nd Chemical Hygiene 
Plan. A 
For laboratory waste disposal, refer to TriMatrix SOP~~~ 

The total toxicity and/or carcinogenicity of reagen se in this procedure have not been 
precisely defined. '-.. ~ 

7.4.1 Treat all chemicals as a potentia~lth ¥rd. 

7.4.2 Reduce exposure to the 1~"Vie level by adherence to established safety 

7.4.3 

policies. 'V 
Material Safety D 
used in this pro 

til!•llfe maintained on the laboratory intranet of all chemicals 
onsult the MSDS for detailed chemical information. 

Shake liquid waste samples just prior to removing a sample aliquot. 

8.4 Do not mix and/or homogenize solid waste samples unless it can be done quickly within the 
sample container without the risk of losing entrained volatiles. Test at least two representative 
aliquots from within the sample. 

9.0 INSTRUMENTATION, APPARATUS, AND MATERIALS 

gr18124 1.5.doc 
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9.1 

9.2 

9.3 

9.4 

10.0 

10.1 

10.2 

11.0 

11.1 

12.0 

Koehler Rapid Tester Model K16502, Closed-cup 

ASTM Thermometer No. 9F Range 20 - 230° F, 287 mm · 

Barometer, verified annually _ \ 

Syringe, 2 ±0.1 ml capacity ~~ 
Note: Test the syringe for accuracy using an analytical balance and ~ tain a record 

of the testing. v 
ROUTINE PREVENTIVE MAINTENANCE AND TROUBLESHOO,t: ~ 
Thoroughly clean and dry all parts of the flashpoint tes~e · b~ samples. Additional 
cleaning when necessary can be accomplished with .solv. ts s as methylene chloride which 
are capable of removing oily and stubborn material. /,;' 

Visually inspect the flashpoint tester prior to use to inver mechanical functionality. 

CHEMICALS AND REAGENTS '-y 
Reference standard, p-xylene, 99%+,~V · 

Note: Do not store p-xylene ~~re in a flammables cabinet. 

STANDARDS PREPA 

12.1 There is no standa tion directly associated with this procedure. 

13.0 SAMPLGEGON 

13.1 ~ ali ot shall be placed in the tester cup that exceeds 30° F below the sample's 
expec omt. 

14.i. ~I TION PROCEDURES 

14.1V.the thermometer reading, not the LED readout for the temperature of the testing unit. 

14.2 Determine the p-xylene flashpoint by adding 2.0 ml (using provided syringe) through the entry 
port and determining the flashpoint based on the procedure .. Repeat. When the unit is properly 
operating, the average flashpoint will be 81 ±1.5° F. 

14.3 If the value lies outside this window, verify all operating conditions and repeat the test. If the 
average is still outside the acceptance window, contact the area supervisor. 

14.4 Do not analyze samples unless an acceptable p-xylene test can be made. 

gr18124 1.5.doc 
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15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

15.7 

16.0 

16.1 

ANALYTICAL PROCEDURE 

Thoroughly inspect, clean and dry all parts of the tester cup and cover assembly b~ing a 
sample. Be sure to remove all cleaning solvent. 

Check to see that the. tester temperature is below 68° F. Add 2.0 ml of liquid A through the 
injection port with the syringe. For solids, use approximately 2 g of sample. "' 

For the first determination, switch the tester on and adjust the target te.O~ to ramp to by 
depressing the red preset button while turning the black knob.e T

1

~r checking the 
calibration and when the flashpoint temperature is approximately .own. therwise, set to 210° 
F. Light the flame. . 

Allow the temperature to reach 68° F then check for a flas~ing the flame for a second. 

15.4.1 If a flash is observed as evidenced by a ~~.ejJ~~e appearing and propagating 
itself across the surface of the sample, rep°V8hpoint as less than 68° F. 

Note: Do NOT confuse the blu~aln.Jat sometimes surrounds the test flame 
with a true.flashpoin,·-·y·· 

15.4.2 If no flash is observed, allrn1~~=~1¥ture to rise 9° F and check again. 

15.4.3 Repeat the test flam~ ~ii a flash is observed or until 210° F is reached. 

15.4.4 If a
1

flash is not ~rv~ 2'10° F, report the flashpoint as greater than 200° F. 

Allow the tester to ~~ ~ cup then inject a new sample aliquot. Do NDT retest the first 
sample aliquot. 

Bring the test~ perature of the last interval before the flash was observed then test for 
a flash er~a flash is observed. 

Reco d ~bservation as the observed sample flashpoint. · . 

v'lll~llili~gh sample is available, repeat the 1° F determination with a fresh aliquot. The result 
dup icate analysis must be within 3° F of the initial analysis. If this criterion is not met, 
he result as estimated. 

CALCULATIONS AND DATA HANDLING 

Observe and record the ambient barometric pressure at the time of the test in mm of mercury. 
When the pressure differs from 760 mm, correct the flashpoint as follows: 

[F + [0.06 (760- P)Il= Corrected Flashpoint 

Where: 

gr18124 1.5.doc 
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F = observed flashpoint, ° F 
P = ambient barometric pressure, mm mercury 

Note: The corrected flashpoint needs to be reported only if the corrected flashp~oint is greater 
than 1° F from the observed flashpoint. 

16.2 Report the first 1° F result if a flashpoint is observed between 68° F and 21') ise, 
report <68° For >200° Fas appropriate. ~ 

17.0 DATA REPORTING AND DELIVERABLES 0 
17.1 Record all measurements made. 

17.2 

"SW-846 method 1020 is not designed to be us~~~id aste matrices. The reported 
flashpoint should not be used to determine the haza v haracteristic of ignitability" 

18.0 QUALITY ASSURANCE . . v 
Run each sample in duplicate using th ~ · ; cy test. The duplicate must be within 3° F of 18.1 
the first result. If this criterion is not et, ~~~ duplicate once to determine which result to 
report. If still not within 3° F of~h · sul r the first duplicate .• qualify the result as estimated. 

18.2 A p-xylene standard (S~C rce other than the accuracy check standard must be 
analyzed in duplicate wit h b of up to 20 samples. The average value must be 81 ±1.5° 
F. If this criterion i~set, samples analyzed in the batch must be re-analyzed or qualified 
as estimated. 

18.3 Notify the are . or if the second-source p-xylene standard fails. Perform the SCV 
analysis at th egin g of the analytical batch. 

18.3 All flash~t~ meters must be calibrated against a NIST-certified thermometer prior to their 
i:::__~~reafter on an annual basis. 

19.~~RATIONS OF CAPABILITY/METHOD VALIDATION 

19.1 re the analysis of actual samples, each analyst must demonstrate the ability to generate 
cceptable accuracy and precision by running an Initial Demonstration of Capability (IDC). While 

IDCs are not instrument dependent, one is required on each instrument used in sample analysis 
to demonstrate the instrument's ability to generate acceptable accuracy and precision. Annually, 
a Continuing Demonstration of Capability (CDC) is required. 

19.1.1 

gr18124 1.5.doc 
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19.1.1.1 Analyze four 2.0 ml aliquots of p-xylene. The average value must be 81 
±1.5° F. 
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19.1.2 

19.1.1.2 Input results to the IDC spreadsheet located on the laboratory intranet 
library. 

19.1.1.3 If the acceptance window is not met, lo.cate and correct the =ti the 
problem and repeat the study. 

19 .1 .1 .4 Repe. ated. failure will confirm a general problem with th~ure. If this 
occurs, locate and correct the source of the problem~~t the study. 

19.1.1.5 Samples may not be analyzed by any analyst or n an instrument until 
certification demonstration of capability s en successfully 
completed. 

19.1.1.6 
department. · 

Continuing Demonstration of Capability (C~; ""-
19.1.2.1 A CDC must be perform ann~ 
19.1.2.2 The CDC may be a~plis by repeating the IDC study, by using four 

consecutive Sa ained from routine sample analysis or by 
running an ace tabl ample. · 

19.1.2.3 Give. a ~ DC spreadsheets and raw data to the Quality 

Ass7,,.ent. . 

20.0 POLLUTION PREV~" 
20.1 Maintain an ing~emicals used in the laboratory to monitor their use. 

20.2 Never disRose flab tory chemicals without first referencing appropriate written instructions of · 
disposalpa? ular material. 

20.3 c~~ chemicals where applicable. 

20.: '~ all environmental laws associated with chemicals in the laboratory. 

21.:VSTE MANAGEMENT 

21.1 Consult the appropriate Material Safety Data Sheet (MSDS) when disposing of chemicals. These 
documents are located on the laboratory intranet library. 

21.2 To minimize the environmental impact and costs associated with the disposal of chemicals, order 
and use only the minimum amount of material required. 

21.3 Follow all instructions in TriMatrix SOP GR-15-102 for laboratory waste disposal requirements. 

gr181241.5.doc 
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22~ REFERENCES 

2.1 

23.2 Analysis Sequence Report Example 

23.3 Data Review Report Example 
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SOP Name: Setaflash Closed-Cup Flashpoint 
SW-846 Metho 020A 

SOP Number: GR-18-124 

TriMatri.x Laboratories, Inc. 

Work Order Analysis 
0801032 FlashPoint 1020A 

0801156 FlashPoint 1020A 

0801218 FlashPoint 1020A 

blitia/ 
LabNw11btr Conlain Prepared By (g) 

0800584-BLK1 Jan-17-08 06:01 INR 2 

0800584-DUPl Jan-17-08 08:01 INR 2 

0800584-BS1 Jan-17-08 08:01 INR 2 

0801032-02 e Jan-17-06 06:01 INR 2 

0601059-01 A Jan-17-08 06:01 INR 2 

0601059-02 A Jan-17-06 06:01 INR 2 

0601106-01 B Jan-17-06 06:01 INR 2 

0601156-01 A Jan-17-08 08:01 INR 2 

0601156-01 A Jan-17-08 06:01 INR 2 

0801156-02 A Jan-17-08 06:01 INR 2 

0801159-01 A Jan-17-06 08:01 INR 2 

0801218-01 A Jan-17-06 08:01 INR 2 

g . 1.5.doc 

Final 
(mL) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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uL 

Work Order 
0601108 

0801159 

Surrogate C/ie11J/ QC 1)pt 

Revision Number: 1.5 
Date Revised: 4/4/13 
Date Initiated: 10/01/99 

Prbted: 12/16/2008 3:26: I SPM 

Analysis 
FlashPoint 1020A 

FlashPoint 1020A 

Ewactio11 Co111111111lS 

if there are voes, they get sample 1st 

if there are voes, they get sample 1st 

if there are voes, they get sample 1st 

if there are voes, they get sample 1st 

if there are voes, they get sample 1st 



SOP Name: Setatlash Closed-Cup Flashpoint 
SW-846 Metho 020A 

SOP Number: GR-18-124 

Sequence _4nalJ•ses: 
Flash Point 1020A 

Lab }Vl'11tber A11al)0Sls 

0801032-02 FlashPoint 1020A 

0800584-DUP1 QC 

0801059-01 FlashPoint 1020A 

0801059-02 FlashPoint 1020A 

0801108-01 FlashPoint 1020A 

0801156-01 FlashPoint 1020A 

0801158-01 FlashPoint 1020A 

0801158-02 FlashPoint 1020A 

0801159-01 FlashPoint 1020A 

0801218-01 FlashPoint 1020A 

0800584-BS 1 QC 

801170S-SCV1 QC 

0800584-BLK1 QC 

gr181241.5.doc 
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A 

A 

B 

A 

A 

A 

A 

A 

7120233 

Revision Number: 
Date Revised: 
Date Initiated: 

Printed: 12/16/2008 3:29:52PM 

E.-.:1r11ctio11 Co111111e11ts 

if there are voes, !hey get sample 
1st 
If there are voes. !hey get sample 
1st 

if there are voes. !hey get sample 
1st 
if there are voes. !hey get sample 
1st · 

if there are voes. !hey get sample 
1st 
if !here are voes. !hey get sample 
1st 

1.5 
4/4/13 
10/01/99 



SOP Name: Setaflash Closed-Cup Flashpoint 
SW-846 Metho 020A 

SOP Number: GR-18-124 

Tr1Matrix Laboratones, Inc. 

Sample ID ~ 

0801032-02 Flash Point 1020A 999 

0800584-DUP1 Flash Point 1020A 999 

0801059-01 Flash Point 1020A 999 

0801059-02 Flash Point 1020A 999 

0801108-01 Flash Point 1020A 999 

0801156-01 FlashPoint 1020A 999 

0801158-01 FlashPoint 1020A 171 

0801158-02 Flash Point 1020A 999 

0801159-01 Flash Point 1020A 999 

0801218-01 FlashPoint 1020A 999 

0800584-BS 1 FlashPoint 1020A 81 

8011708-SCV1 Flash Point 1020A 81 

0800584-BLK 1 Flash Point 1020A 0 

g , 1.5.doc 

Page 11 of 11 

Attachment 23.3 
Data Review Report Example 

RPD 

0 

999 

999 

171 

999 

999 68 WC015 

999 68 WC015 

81 68 

81 100 

0 68 WC015 

Revision Number: 1.5 
Date Revised: 4/4/13 
Date Initiated: 10/01/99 

on 12/16/2008 at 3:33 

Analyzed~ Batch 

1/1712008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/1712008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/17/2008 1:01 INR 0800584 

1/1712008 1:01 INR 8011708 

1/17/2008 1:01 INR 0800584 
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1.0 SCOPE AND APPLICATION 

1.1 

2.0 

2.1 

3.0 

3.1 

3.2 

4.0 

4.1 

5.0 

5.1 

6.0 

6.1 

This procedure determines the presence of free liquids in a representative waste sample in 
compliance with the definition of "free liquid" found in 40 Code of Federal Regulaticts (CFR) 
264.314 and 40 CFR 265.314. ~ 

PRINCIPLE METHOD REFERENCES . ~ 
Test Methods for E.valuating Solid Waste, Physical/Chemical Methods, ~th Edition, Final 
Update 1v. Method 9095B, Paint Filter Liquids Test, Revision 2, Nov~ · 

SUMMARY OF PROCEDURE ~ 

A representative amount of waste is placed in a 60 me ~v· 

If any portion of the material (liquid or otherwise) pa th gh and drops from the filter within 
the 5 minutes, the material is reported as contav. ids. 

PARAMETER OR COMPOUND LISTO~ 
Paint Filter Liquids Test 

REFERENCED SOPs "'~ 
TriMatrix SOP GR-~~tory Waste Disposal, latest revision 

INTERFERE~~RECTIVE PROCEDURES 

The filte~~~ separate from the filter cone if the waste is alkaline and has significant 
free li~u . Thi causes no problem if the sample is not disturbed and remains suspended in the 

fi~ 
6.2""'" '~ust be at room temperature to test. Do not test a frozen or hot sample. 

7.0 ~ETY PRECAUTIONS 

7.1 Wear a laboratory coat and approved safety glasses while in the laboratory. In addition, 
disposable gloves must be worn whenever samples or reagents are handled. 

7.2 Follow all instructions outlined in the TriMatrix Laboratory Safety Manual and Chemical Hygiene 
Plan. 

7.3 For laboratory waste disposal, refer to TriMatrix SOP GR-15-102. 

gr19102 1.2.doc 
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7.4 The total toxicity and/or carcinogenicity of reagents used in this procedure have not been 
precisely defined. 

7.5 

7.6 

8.0 

8.1 

8.2 

8.3 

7.4.1 Treat all chemicals as a potential health hazard. 

7.4.2 Reduce exposure to the lowest possible level 
policies. 

7.4.3 Material Safety Data Sheets are maintained on the laboratory~ II chemicals 
used in this procedure. Consult the MSDS for detailed chemic'Oation. 

Waste samples can be highly toxic and varied. Treat any expost:"'as ~ potential danger and 
immediately decontaminate the exposure. Clean waste-cont~ personal protective 
equipment before using again. ~ 

Bring all safety issues to the attention of the Area su7:,~ Health and Safety Officer. 

SAMPLE SIZE, COLLECTION, PRESERVATl~A~LING PROCEDURES 

Collect samples in inert plastic or glass bot~ an¥ at 0 - 6° C until the time of analysis. 

A 100 g or 100 ml sample is requireA V. However, enough sample quantity must be 
collected to sufficiently represent the ~ 

If it is not possible to obtain 1 g sufficiently representative of the waste, collect larger 
· size samples in multiples 10 or 100 ml (200, 300, 400 g or ml). However, when larger 
samples are tested, divi i 100 or 100 ml portions and test each separately. If any tested 
portion contains fre~h ntire sample must be reported to have free liquids. 

8.4 If a sample is ~~etrically, it must lack major air spaces or voids. . 

8.5 Analysis must~rmed within 28 days of sample collection. · 

9.0 l~OION, APPARATUS, AND MATERIALS 

9.1'5. a nt filter, mesh number 60 ±5% (fine mesh size). Available at local paint stores such as 
-Williams and/or Glidden. 

9.2 ss funnel 

9.2.1 If the paint filter with waste cannot sustain itself on the ring stand, insert the filter in a 
fluted glass funnel or a smooth glass funnel with an aperture large enough to allow at 
least 1 inch of filter mesh to protrude. 

9.2.2 The funnel must be fluted or have a large open aperture to support the paint filter yet 
not interfere with the movement of liquid through the filter mesh and into the graduated 
cylinder. 

gr19102 1.2.doc 
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9.3 

9.4 

9.5 

10.0 

10.1 

11.0 

11.1 

12.0 

12.1 

13.0 

13.1 

13.2 

13.4 

14.1 

15.0 

15.1 

Ring stand and ring to hold the paint filter and/or the funnel 

Graduated cylinder or beaker, 100 ml, to collect liquid 

Timer or stop watch ~ 
ROUTINE PREVENTIVE MAINTENANCE ~ 
There is no routine preventive maintenance directly associated with this 0· 
CHEMICALS AND REAGENTS G 
There are no chemicals and/or reagents directly associat~s procedure. 

STANDARDS PREPARATION ~,/ ""':. 
There is no standard preparation dir~ctly associ~~rocedure. 

r".'\) . 
To assure uniformity and stand iUe test, cut sorbent pads, pillows and other materials 

SAMPLE PREPARATION 

which do not conform to t~e e aint filter into small pieces and pour into the filter. 

Accomplish sample~iz ion cutting sorbent materials with scissors, shears, a knife or 
other such device in s a y that preserves as much of the original sample integrity as 
possible by mixing nclosed in fabric with the resultant fabric pieces. 

size samples to smaller than 1 cm. If necessary, check by passing through 
standard sieve. However, avoid grinding sorbent materials as grinding 

pl · rity and may produce fine particles which would not normally be present. 
ssing through the paint filter must be reported as "free liquid" based on the 40 

There is no calibration directly associated with this procedure. 

ANALYTICAL PROCEDURE · 

Assemble the test apparatus as shown in Attachment 21.1. 

gr19102 1.2.doc 
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15.2 Place 100gor100 ml of representative sample in the paint filter. If necessary, use the funnel. 

15.3 Let the sample drain for 5 minutes into the graduated cylinder. 

15.4 If ANY portion of the test material collects in the graduated cylinder in the 5 minu 
the sample is reported to contain free liquids in accordance with 40 CFR 264.314 .._...,.,,_,. 

16.0 CALCULATIONS AND DATA HANDLING r\_ 
16.1 There are no calculations or data handling directly associated with 1&-' 
17.0 DATA REPORTING AND DELIVERABLES ~ 

(liquid or otherwise) collects in the graduated cylind r rt . t the result as "Fail" and narrate 
17.1 If any part of a tested sample (liquid or otherwise)~r y one of several tested portions 

that the sample contains free liquids. 

17 .2 If no· part of a tested sample (liquid or otherwis r o part of one of several tested portions 
(liquid or otherwise) collects in the graduat ylind , report that the result as "Pass" and narrate 
that the sample does not contain free 0 

18.0 QUALITY ASSURANCE ~ 
18.1 A second sample aliquot~~ ~~as a quality control duplicate for each batch of up to 20 

samples. ..s..~ 
18.1.1 The ~"'suit must be the same as the original to be acceptable. 

18.1.2 If n~e, review the sample tested for representative uniformity. 

18.1.3 ~o~ sample portions are representative, review the test performed for adherence to 
~tten procedure. 

· ~ no problem is found with the procedure or sample uniformity, report the duplicated 
ample as containing free liquids and choose another sample at random from the batch 

to duplicate. · 

18.1.5 If more than one duplicated sample has discrepant results, the test is out of control and 
corrective action needs taken to locate the source of the problem. 

18.2 Test 100 g of dry Ottawa sand as a negative paint filter liquids test. No sand must pass through 
the paint filter to be reported as not containing free liquids in accordance with the 40 CFR 
definitions. · 

19.0 ANALYST CERTIFICATION/METHOD VALIDATION 
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19.1 There is no quantitative demonstration of capability directly associated with this procedure. 

19.2 Analyst.testing for paint filter liquids must read and understand this procedure befo~e c ducting 
the test. · 

19.3 Signed documentation that the procedure has been read and understood is reAto be n file 
with the quality assurance office. . · " 

20.0 REFERENCES . Qo 
20.1 Test Methods for Evaluating ~olid. Wast~, ':'hysical/Che'!'~cal Meth S -846, 4th Edition, Final 

Update IV, Method 90958, Paint Filter L1qu1ds Test, Rev1s~vem er, 2004 

21.0 ATTACHMENTS/APPENDICES / ~ v 
21.1 Paint Filter Test Apparatus v v 
21.2 Preparation Batch Report Example w 

~o 
~~ 

VO 
~~ 
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SOP Name: Paint Filter Liquids Test 
SW-846 Method 90958 

SOP Number: GR-19-102 page 8 of8 

T riMatrix Laboratories, Inc. 

Batch comments: 
(none) 

1AbN1mber C.11/JJitrer Prtpartil By 

0804548-01 A Apr-30-08 08:46 GEH 

Paint Fdter 9095 

0804549-01 A Apr-30-08 08 46 GEH 

Paint Fllter 9095 

0804550-01 A Apr-30-08 08:46 GEH 

Paim Filter 9095 

0804851-SUC1 Apr-30-08 08 46 GEH 

0804851-DUPI Apr-30-08 08:46 GEH 
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Attachment 21.2 
Preparation Batch Report Example 

PREPARATION BATCH I 0804851 j Page I of! 

lnorganic - Wet Chemistry, Waste, General Inorganic Prep 

lniiial FUIJll .•.•...••...• C/"1U .•...•...•.•.. 

(gl (mlJ Smur:e ID SpiMID aLSpW Commmts 

10502 105.02 

101.7 1017 

10349 103.49 

1!XHJ6 10006 

103.98 10398 0804550-01 

Revision Number: 1.2 
Date Revised: 8/3/12 
Date Initiated: 1/28/97 

Analyst 
!nib.lJs 
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GEOPROBE®MEMBRANE INTERFACE PROBE (MIP) 

Standard Operating Procedure 

Technical Bulletin No. MK3010 

PREPARED: May, 2003 

REVISED: April, 2012 

THE MIP SYSTEM MAY BE DEDICATED TO A SINGLE CARRIER VEHICLE 
FOR USE IN TANDEM WITH MULTIPLE GEOPROBE®MACHINE MODELS 
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1.0 OBJECTIVE 

This document serves as the standard operating procedure for use of the Geoprobe Systems® Membrane 
Interface Probe (MIP) used to detect volatile organic compounds (VOCs) at depth in the subsurface. 

2.0 BACKGROUND 
2.1 Definitions 

Geoprobe®: A brand name of high-quality, hydraulically-powered machines that utilize both static 
force and percussion to advance sampling and logging tools into the subsurface. The Geoprobe® 
brand name refers to both machines and tools manufactured by Geoprobe Systems®, Salina, Kansas. 
Geoprobe® tools are used to perform soil core and soil gas sampling, groundwater sampling and 
testing, soil conductivity and contaminant logging, grouting, and materials injection. 
*Geoprobe® is a registered trademark of Kejr, Inc., Salina, Kansas. 

Membrane Interface Probe (MIP): A system manufactured by Geoprobe Systems® tor the detection 
and measurement of volatile organic compounds (VOes) in the subsurface. A heated probe carrying 
a permeable membrane is advanced to depth in the soil. voes in the subsurface cross the 
membrane, enter into a carrier gas stream, and are swept to gas phase detectors at ground surface 
for measurement. 

2.2 Discussion 

The MIP is an interface between contaminates in the soil and the detectors at ground surface. It is a 
mapping tool used to find the depth at which the contamination is located, but is not used to 
determine concentration of the compound. Two advantages of using the MIP are that it detects 
contamination in situ and can be used in all types of soil conditions. 

The MIP is a logging tool used to make continuous 
measurements of voes in soil. Volatile compounds 
outside the probe diffuse across a membrane and are 
swept from the probe to a gas phase detector at ground 
surface. A log is made of detector response versus probe 
depth. In order to speed diffusion, the probe membrane 
is heated to approximately 121 •c. (Refer to Figure 2.1 ). 

Along with the detection of VOCs in the soil, the MIP also 
measures the electrical conductivity of the soil to give a 
probable lithology of the subsurface. This is 
accomplished by using a dipole measurement 
arrangement at the end of the MIP probe so that both 
conductivity and .detector readings may be taken 
simultaneously. A simultaneous log of soil electrical 
conductivity is recorded with the detector response. 
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Figure 2.1: Diffusion across the membrane. 
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Interpretation of electrical conductivity (EC) logs comes with field experience. It is very important that 
soil core samples are taken to confirm lithologic changes as each EC log is unique per site. As a 
generalization, a high conductivity reading indicates a smaller grain size and a low conductivity 
reading indicates a larger grain size (See Fig. 2.2). 
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Figure 2.2: Generalized Electrical Conductivity Readings. 

3.0 MIP/EC Interferences 

3.1 Detector saturation may require a short period of time for the detector to return to baseline after a log 
has been performed in higher concentrations. The MIP system can be used in free product 
environments with the operator monitoring and making the necessary adjustments to the detector and 
software gain/attenuation settings to account for the higher voltage readouts. 

3.2 The MIP system can be operated in a wide range of contaminant concentrations from low dissolved 
phase to free phase materials. During a log and the removal of the tool string, contaminants can 
absorb onto the surface of the membrane and trunkline material causing elevated detector baseline 
signals. It is very important that the probe and trunkline system is clean enough to see the low 
concentrations typically used in the chemical response test. Not adequately decontaminating the 
probe prior to performing a response test can elevate the concentration of the standard causing an 
inaccurate high response to the specific concentration of standard that was prepared for the test. 

3.3 Electrical conductivity can provide false positives or higher than expected readings when the soil is 
impacted by ionic plumes (chloride, nitrate) originating from, but not limited to: agriculture practices. 
seawater, salt storage, mining practices. Encountering metallic objects in the subsurface can also 
result in high EC readings. 

3.4 Some silt and clay soils will not have the typical ionic composition that an operator may be used to for 
similar soils. This can result in lower than expected readings and perhaps cause misidentification of 
the associated soil zone based on typical response of a courser grain material. This can occasionally 
be found in clays that have had the minerals leached out or in intermixed silt-sand zones. 
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4.0 Tools and Equipment 

The following equipment is needed to perform and record MIP logs. Basic Ml P system components are 
listed in this section in section 4.1 with optional equipment listed in section 4.2. Refer to Appendix V for a 
detailed illustration of the GC1000 setup configuration. Appendix VI shows the common MIP probe tool 
string diagrams. There may be more required tools as determined by your specific model of Geoprobe® 
direct push machine. 

4.1 Basic MIP System Components 

Description 
Field Instrument 
MIP Controller 
Gas Chromatograph with PID, FID and XSD 
DI Acquisition Software 
MIP Probe 
MIP PEEK Trunkline, 150-ft (45 m) length 
MIP Connection Tube 
MIP Adapter and Drive Head 
Agilent ADM 1000 Digital Flow Meter 
Hydrogen Gas Regulator 
Nitrogen Gas Regulator 
Vertical Gas Bottle Rack 
Stringpot (linear position transducer) 
Stringpot Cordset 
StringpotMounting Bracket (6600/7700) 
Stringpot Foot Bracket (6600/7700) 
Stringpot Piston Weight 
Slotted 1.5" Drive Cap 
MIP Service Kit 
Drive Cushion (GH60)* 
Rod Wiper, 1.25/1.5" Rods 
Rod Wiper Weldment 

4.2 Optional Accessories 

Quantity 
(1) 
(1) 
(1) 
(1) 
(3) 
(2) 
(3) 
(3) 
(1) 
(1) 
( 1) 
( 1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(2) 
( 1) 
(1) 
(1) 
(1) 

Description Quantity 
Heated Trunkline Control Box (1) 
Heated Trunkline, 100-ft (30m) length (1) 
Heated Trunkline, 150-ft (46m) length (1) 
Heated Transfer Line, 8-ft (2.4m) length (1) 
Roll-out Rod Rack (30-1.5in rods) (1) 
Rod Grip Pull Handle, for GH40 hammer (1) 
Rod Grip Pull Handle, for GH60 hammer (1) 
Stringpot Mounting Bracket (7822) (1) 
Stringpot Foot Bracket (7822) (1) 
Water Transport System (1) 
*For Geoprobe® 66- and 78-Series Direct Push Machines only. 
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Part Number 
FC5000 I Fl6000 
MP6500 I MP6505 
GC1000 
MP3517 
MP6520/MP8520 
14929 
31641 
20712 
17463 
10344 
13940 
ML2500 
SC160-100 
SC161 
16791 
11751 
SC112 
13722 
MP6515 
23321 
23852 
2~633 

Part Number 
MP7000 
MP7100 
MP7150 
MP7010 
20400-30 
GH1255 
9641 
41932 
41993 
19011 
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Gas Chromatograph 
with Gas Phase Detectors 
i.e. PIO, FID and XSD 

MIP Trunkline 
(gas tubing and 
electrical conductors) 
connects the MIP probe 
with the surface detectors 

l . 
; Dnvehead 

and Connection Tube 

MIP/EC Probe 

Figure 4.1: MIP System Components 
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5.0 Quality Assurance/Quality Control 

Quality·assurance (QA) is performed before and after each fog to validate that the equipment being used 
is capable of generating good data. With MIP, chemical response tests (Fig. 5.1) must be performed to 
ensure that the probe, trunkline and series of detectors are working properly. The electrical conductivity 
(EC) portion of the MIP system is tested using an EC dipole test jig (Fig. 5.4) 

Quality control (QC) is performed during and after each log is generated. Log QC will answer the 
following questions to ensure that the data is good and makes sense: 

1. Does the log look correct? Does the elctrical conductivity appear to be in an acceptable range? 
Is there anything seen in the log that would make you suspect that the system wasn't working 
correctly, ie. a loss of temperature or gas pressure of the system. 

2. Response Consistency? As more logs are completed do they show general consistency of EC 
and contaminant response? Review a cross section of logs in the DI-Viewer (Appendix VI). 

3. Repeatablity? Replicate logs may be run every 10 to 20 locations to verify repeatability. 
4. Are my lithogy changes consistant with physical soil cores? Take continuous or discreet 

confirmation soil samples to confirm your lithogy changes in EC. 
5. Do my detector responses make sense for contaminant concentration. This must be verified by 

the collection of water or soil samples for lab analysis to confirm contaminants and their 
concentrations. 

5.1 Chemical Response Test: 

Response testing is an important quality assurance measure used to validate each log by proving that 
the integrity of the detector system is intact. Without running a response test, the operator will have 
no idea if the detector system is operating consistently or potentially even at all. Detector response 
heights should be monitored and can be graphed to evaluate membrane performance. With 
increased membrane footage, detector response will fall off indicating that it is time to change the 
membrane (see Appendix Ill). Response testing also enables the operator to measure the chemical 
trip time. This is the time it takes for the contaminant to travel through the trunkline from the probe to 
the detectors. This time needs to be entered into the MIP software to accurately plot the contaminants 
depth position. 

5.1.1 Preparation of the Stock Standard 

The following items are required for preparing the stock standard: 

• Neat sample of the analyte of interest (i.e.: Benzene, Toluene, TCE, PCE, etc.) purchased 
from a chemical vendor 

• Microliter syringes (recommended to have: 500 and/or 1,000 µL syringes). 

• 25-ml or 50-ml Graduated cylinder 

• Several 40-ml VOC vials with labels 

• 25ml Methanol 

Preparation of the stock standard is critical to the final ·outcome. of the concentration to be 
placed into the testing cylinder. 

1. The total volume of methanol and the compound added should equal 25ml. 

2. Pour methanol into graduated cylinder to the 23.5-24ml mark, the volume depends upon 
the compound density (Table 5.1 ). 

3. Pour the methanol from the graduated cylinder into a 40-mL VOC vial. 

4. Add the appropriate volume of desired neat analyte into 40-rnL voe vial containing 
methanol. The required volume of neat analyte for seven common compounds is listed in 
Column 3 of Table 5.1. The equation at the bottom of this section shows how to calculate 
the appropriate neat analyte volume for other compounds of interest given the appropriate 
density. 
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5. Label the vial with the name of the standard (i.e. Benzene, Toluene, TCE, PCE), 
concentration (50mg/ml), date created, and created by (your name). This is the Stock 
Standard. 

6. If stock standards are kept cold in a refrigerator they can last up to one month otherwise 
they should be made up more frequently as often as every 3 days if there is not cooling 
during the summer months. The more volatile the compound the quicker it will lose its 
concentration~ 

Table 5.1 
Density and required volumes of neat compounds used to make a 

50mglml stock standard into 25 ml of methanol. 

Volume of Neat Standard 

Compound Density (mg/µL) 
Required to prepare 

Working Standard (0.5 L) 

Benzene 

Toluene 

Xylenes 

Methylene Chloride 

Carbon Tetrachloride 

Chloroform 

Trichloroethylene 

Perchloroethylene 

25mL (methanol) x 50mg/ml = 1250mg 

1250mg x 1/density of analyte = amount of 
neat material to be placed with methanol to 
make up 25ml total volume 

Example: Preparation of 50 mg/ml Benzene 
standard. 

1250 mg x 110.8765mg/µL = 1426µL 

Use 1426µL of neat Benzene in 23.Sml of 
Methanol to get a 50 mg/ml stock standard. 

Standard Operating Procedure 

0.876 1426 

0.867 1442 

0.860 1453 

1.335 936 

1.594 784 

1.480 845 

1.464 854 

1.623 770 

Figure 5.1: The MIP probe is placed into a steel or PVC 
pipe containing the standard solution. 
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5.1.2 Preparation of the Working Standard and Performing the Response Test 

The following items are required to perform response testing: 

• Microliter syringes (recommended to have: 10, 25, 100 & 500 O. syringes). 

• Testing cylinder made from a nominal 2-in. PVC pipe with a length of 24 in. 

• 0.5 L plastic beaker or pitcher 

• Supply of fresh water, 0.5 L needed per test 

• Stopwatch 

1. On the Fl6000 and the DI-Acquisition software you will begin a new log and proceed to the 
response test screen. The detector signals should be stable before proceeding. On the 
FC4000 and FC5000 system, access the MIP Time software and view the detector vs. time 
data. 

2. Measure out 500mL of tap or distilled water and place into the testing cylinder. 

3. Using Table 5.2, determine the desired volume of stock standard to place into the 500ml 
measured volume of water. This is the Working Standard. 

4. Pour the working standard into a nominal 2-inch x 24-inch PVC pipe and immediately insert 
the MIP into the solution (Fig. 5.1 ). Leave the probe in the test solution for 45 seconds. At 
the end of 45 seconds, place the probe back in into a clean water source. 

5. The chemical response trip time can be determined from the results on the Pre-Log 
Response Test. Using Fig. 5.2 the trip time would be approximately 55 seconds. Additional 
typical response test graphs are located in Appendix I. 

6. A new, fresh working standard needs to be made for each .test, it cannot be reused. 

Table 5.2 
Volume of stock standard and final concentration when making working standards. 

x 
> 
2' 
': 1.5 

~ 
~ 1.0 

0.5 

0 

Volume of Stock 
50mg/ml Standard (µL) 

10 

100 

1000 

so 

Final Concentration 
(mg/L or ppm) in 0.5L 

1.0 

10 

100 

100 150 200 230 

Time (sec) 

Oetector 1 

Figure 5.2: SRI PIO Response Test-10 ppm Benzene. 
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5.2 Operation of EC Dipole Test Jig 

On the Fl6000 and the DI-Acquisition software the EC dipole test screen will open up after the 
chemical response test is completed. When ready place the low (brass) side of the EC Dipole test jig 
(Fig 5.3) between the EC dipole and body of the probe and start the low level test, hold for 5 sec until 
the system captures the data (Fig SA). Repeat for the high (stainless steel) EC test. These tests 
should result in readings of 55mS/m and 290mS/m !._ 10%. 

In the FC4000 and FCSOOO acquisition system these readings will need to be taken in the logging 
screen just prior to the beginning of the log. 

If the EC readings do not pass, the DI Acquisition (Fl6000) software will prompt the user to proceed 
through a series of troubleshooting tests (these tests used to be the standard test for EC in the 
FC4000 and FC5000 software). These tests will check the calibration of the EC board as well as the 
continuity and isolation of all of the wires in the system to determine the reason EC Tests loads have 
failed. This will give the operator an idea what needs to be done to fix the problem. 

Figure 5.3: EC Dipole Test Jig. Figure 5.4 Operation of the EC Dipole Test Jig. 
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6.0 Recommended Minimum MIP Response Test Levels and Maintenance Tips 

Geoprobe Systems recommends the following guidelines as minimum MIP response test values for 
performing MIP logging. 

Detector systems can vary in the level of response for a given chemical concentration depending on 
detector age, model, and maintenance performed. However, it should be expected that a detector 
system would be able to provide at least the following level of response in a chemical response test: 

Chemical & Concentration Detector Response Baseline Noise 

10ppm Benzene (see table 5.2) PID-10,000µV <3,000µV 

10ppm Trichloroethylene (see table 5.2) PID•5,000µV, XSD 10,000µV <3,000µV 

If these minimum response test levels are not achievable or throughout the day or project the detector 
sensitivity falls below these levels, the operator should perform maintenance on the system to enhance 
the sensitivity of the detectors. Corrective actions could include: 

• Changing MIP membrane (see section 9.0} 

• Making a fresh chemical stock standard (see section 5.1.1 ). It does not take long for a volatile 
chemical standard to lose the original concentration. 

• Cleaning the PID bulb 

• Replacing the PID bulb 

• Checking and adjusting detector gas flows - especially in the FID. 

• Replacing the XSD probe assembly 

• Replacing the XSD reactor core 

• Decreasing trunkline carrier gas flow 

• Replacing the trunkline (an old trunkline can be a source of contaminant phase buildup. This will 
reduce detector sensitivity by causing contaminant dispersion in the trunkline which results in 
reduced response levels aswell as delayed trip times). 
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7.0 Field Operation 

1. Power on the generator. 

2. Open the gas cylinders that will be used for the MIP system (i.e. nitrogen, hydrogen, air, etc.). 

3. Power on the GC and detectors and allow them to warm up (min. 20 minutes) to set temperature. 

4. Check the carrier flows of the system and psi on the mass flow controller. Compare these numbers to 
previous work. 

5. Power on the MIP Controller, Field Computer or the Field Instrument and laptop computer. 

6. Start the Acquisition software and start a new log. 

7. Perform the chemical response test (Section 5.1.2) and record the height of the peak response and 
the trip time into a field notebook. Refer to Figure 5.2 and Appendix Ill. 

8. Record the system parameters in a field notebook at this time (i.e. flow, pressure, trip time, detector 
baseline voltages). 

9. Complete the EC Dipole test (Section 5.3) and finish setting up the log. 

10. Connect the stringpot cable to the stringpot and the stringpot wire to the weight located on the probe 
foot and pull keeper pin so the weight will drop to the ground. 

NOTE: Do not allow the stringpot .cable to snap back into the stringpot housing at a high rate of 
speed. This will ultimately damage the stringpot transducer. 

11. Place the drive cushion onto the probing machine head. 

12. Place a slotted drive cap to the MIP drive head. 

13. Place the rod wiper donut on the ground and insert the point of the MIP probe into rod wiper opening. 

14. Align the probe exactly straight and advance the probe to the starting depth: MIP membrane even 
with the ground surface. 

15. Place the trigger switch in the "ON" position. 

16. Advance the probe at a rate of 1fUmin meaning: advance 1 ft (30 cm) in 15 seconds and then hold at 
depth for 45 seconds, then ad.vance to the next depth interval (1 foot) over 15 seconds and wait for 
45 seconds. Do this until the predetermined log depth or until refusal is attained. 

NOTE: If the there is a loss in MIP pressure or temperature during the logging process, stop and 
evaluate the problem using the troubleshooting guide located in Appendix II. 

NOTE: Refusal is attained when it takes longer than 1 minutes of continuous hammering to 
advance the probe one foot. This is the maximum time to reach one foot of probe travel. 

17. When the MIP log is complete, turn the trigger off and slowly return the stringpot cable into the 
stringpot housing. 

18. Turn off the heater switch to the probe during tool string retraction so no as few contaminants as 
possible are diffused through the membrane and into the trunkline during retraction. 

19. Raise the probe foot of the direct push machines foot assembly and place the rod wiper holder under 
it to keep it in place during rod retraction. 

20. Pull the probe rod string using either the Geoprobe®rod grip pull system or a slotted pull cap. 

21. When the MIP probe reaches the surface, clean the probe and membrane well with a detergent/water 
mix and rinse off well. 

22. Now turn the probe heat back on to back off the membrane. Make sure the probe membrane and 
trunkline are clean of contaminants and the detector baselines are stable prior to running a post log 
response test. View the detector activity in the response test screen. 

23. When the baselines are stable run a post log response test. These response test results should be 
written down in the field notes and compared to the initial test. This system check ensures the data 
for that log is valid. 

24. When using the Fl6000, the data will be saved into your designated folder on your laptop in a 
compact .zip file. If you are using a FC5000 the data is saved on the field computer and the inserted 
flash card. When the log is complete the log files and response test files will need to be transferred to 
a field laptop for viewing on the DI Viewer. 

25. Data from the MIP log can now be graphed and printed using the DI-Viewer software (Appendix IV). 
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8.0 GC Signal Adjustments 

8.1 Dilution/Attenuation Changes 

GC systems vary in signal output ranges such as 0-1V (typical for HP GCs) and 0-SV (typical for SRI 
& Shimadzu GCs) which means that when detector signals go beyond this voltage in the output, the 
acquisition software will display a flat line at the maximum voltage of 1 or 5Volts unless this signal 
output has been rescaled. 

In highly contaminated soil regions (e.g. free product) detectors may flat line or reach a maximum 
signal output before they reach the observed signal of the contaminant in contact with the membrane. 
For example, on SRI GCs to be able to observe the actual response beyond the maximum output 
signal in these high response areas the PID gain switch should be adjusted from high to medium and 
the software attenuation set to 10. What this does is adjusts the detector output signal down by a 
factor of 10 which must then be readjust back up by the same factor of 10 in the acquisition software. 
To accurately map the grossly contaminated zones rescaling of the detectors must be done. 

Detectors operated through a HP5890 GC have a 1V maximum signal output and the attenuation 
settings are based on a 2• multiplication scale x =HP GC Range and the corresponding attenuation 
in the MIP software. SRI and Shimadzu GCs have maximum signal outputs of 5V and the attenuation 
settings are based on a 1 o• multiplication factor .. 

Table 8.1 
Gain/Attenuation Settings on the GC detectors and the Acquisition software. 

HPGC* Fl6000 SRIGC XSD Fl6000 
Range Attenuation Gain Gain Attenuation 

0 1 High High 1 

1 2 Medium Medium 10 

2 4 Low Low 100 

3 8 

•-The detectors on the HP GC can have attenuation settings up to a range ·of 7 
on the GC corresponding to an acquisition software multiplication value of 128. 
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9.0 Replacing a Membrane on the MIP Probe 

A probe membrane is considered in good working condition as long as two requirements are met: 

1. Adequate signal response is achieved during the chemical response tests to see the required 
detection limits. 

2. The difference between the supply and return flow has not increased by more than 3ml/min from 
the original settings. (A digital or bubble flow meter should be kept with the system at all times). 

If either one of these requirements are not met, a new membrane must be installed as follows. 

1. Turn the heater off and allow the block to cool to less than 50° C on the control panel readout. 

2. Clean the entire heating block with water and a clean rag to remove any debris. 

3. Dry the block completely before proceeding. 

4. Remove the membrane using the membrane wrench (Fig. 8.1 ). Keep the wrench parallel to the 
probe while removing the membrane to ensure proper engagement with socket head cap screw. 

NOTE:. Do not leave the membrane cavity open for extended periods. Debris can become 
lodged in the gas openings in the plug. 

5. Remove and discard the copper washer as shown in Figure 8.2. Each new membrane is 
accompanied by a new copper washer. Do not reuse the copper washer. 

6. Clean the inside of the membrane socket with a q-tip and methanol removing .dirt and debris that 
will be present. 

7. Insert the new copper washer around the brass plug making sure that it sits flat on the surface of 
the block. · 

8. Install the new membrane by threading it into the socket. Use the membrane wrench to tighten 
the membrane to a snug fit. Do not over-tighten. 

9. Turn the gas on and leave the heater off. Apply water to the membrane and surrounding area to 
check for leaks. If a leak is detected (bubbles are formed in the water), use the membrane 
wrench to further tighten the membrane. 

10. Use a flow meter to check carrier flow. The difference between the supply flow from the MP6505 
and the return flow from the trunkline should be less than 3ml/min. Record the values in a field 
notebook. 

Figure 8.1: Unthread the membrane from the 
probe block. 
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Figure 8.2: Remove and discard the copper 
washer. 
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APPENDIX I 

Typical Response Test Data 
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Figure 1: .Chemical Response Test: TCE 1 & 5ppm on XSD. 
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Figure 2: Chemical Response Test: Benzene 5ppm on PIO. 
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System Parameters: 

MP6520 Probe with 121°C setpoint 
150' PEEK Trunkline 
40ml/min of Nitrogen Carrier Gas 
XSD Temperature of 1,100°C 

System Response: 

1 ppm - 9,000µV 

5ppm- 45,000µV 

System Parameters: 

MP6520 Probe with 121°C setpoint 
150' PEEK Trunkline 
40ml/mii1 of Nitrogen Carrier Gas 
PID Lamp intensity 

System Response: 

5ppm- 35,000µV 
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APPENDIX II 

Troubleshooting Guide 

Loss of Pressure 1-2 PSI 

• Punctured membrane: Are there any obvious holes in the membrane with bubbles streaming out of 
them? Replace membrane. 

• Membrane leaking out of the face - heavy frothing of bubbles on membrane face but no obvious 
punctures in membrane. With the heat off, place your thumb over the membrane, if the pressure 
goes back up to the gas pressure prior to the boring the pressure and flow loss is due to a leak in at 
the membrane face. Replace the membrane. 

• Swagelok fitting connecting one of the trunkline gas lines to stainless steel gas line of the probe is 
loose. Check with soapy water, if bubbles build, fix by slowly tighten the gas line 1/16" nut to the 
probe. 

• Examine for cuts, kinks & cracks in the length of the obseNable gas line. Expect to see bubbling when 
MEOH or soapy water is placed on it. Cut gas line prior to this and replace nut and ferrule and 
reconnect onto the probes steel gas line connection. 

• Broken gas line somewhere else up the trunkline. Confirmed when trunkline connections are removed 
from the probe and close coupled. The carrier gas supply and return should be within 2ml/min, if it is 
>Sm I/min first check with soapy water at the connecting nuts and exposed gas line then look .for cuts in 
throughout the trunkline and see if they will show bubbles with soapy water placed on them. If this is 
seen you will likely need to change the trunkline. 

Loss of Pressure >5 PSI 

• Large puncture in membrane. Either visible puncture or observable streaming bubble when soapy 
water or methanol placed on membrane. Replace membrane. 

• Loosen the 1/8" Swagelok nut on gas line. Check and carefully tighten. 

• Broken gas line in the probe. Compare the supply versus return flow values {should ~ 2/ml/min) of 
trunkline connected with the probe and with a close coupled trunkline. If close coupled supply/return 
flow is good but connected to the probe shows a big leak, there is a break is in the probe. This may be 
seen with soapy water placed on the edges of the heater block or on the top of the probe where the 
connections come out. If this produces bubbles it confirms a broken internal line or connection point. 
Replace the probe. 

Flash Warning: 

The DI acquisition system, operated with the Fl6000 field instrument. will flash a large warning screen -
MIP pressure out of Range - to the operator if the probe pressure (PSI) changes over 1 PSI from the 
initial starting MIP pressure of the log. This alerts the operator that· something in the system has 
changed and the operator can take the necessary precautions for a punctured membrane, broken gasline 
or a plug in the system. 
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Increase in Pressure (clearing a blockage) 

After setting the mass flow, an increase of more than 3 PSI over the original set pressure indicates a 
potential blockage, especially if you can verify that the pressure first dropped a 2-5 PSI prior to rising 
toward 20PSI. 

• Shut off the Nitrogen carrier gas flow ASAP. Do this by turning off the black regulator knob on the 
MIP controller or removing the carrier gas supply line from the breakout panel or the back of the MIP 
controller. 

• Remove the tools from the ground. 

• Look for a hole in the membrane and water or dirt got into the up-hole gas line just behind the 
membrane. 

• Remove connection tube and membrane. 

• Remove the trunkline gas lines from the top of the probe. Take note of which one had the gas flow 
coming out because this is the line that will be plugged. 

• Look for any obvious particles in either holes behind the membrane or in the gas line at the top of 
the probe. If any are evident attempt to remove them. 

• Take the return gas line at the surface and connect it to the supply gas connection on the breakout 
panel or on the back of the MIP controller. 

• Place the probe end of this line into a jar of methanol to see if the line is clear which is evident by 
streaming bubbles. If there are no bubbles, increase the flow to try to expel the blockage. If this 
does not work you may need to cut back the trunkline. 

• To clear out the probe take a 5 ml plastic syringe (or a 3 foot section of Teflon/PEEK gas line will 
work) filled with methanol and attempt to inject through the plugged gas line at the top of the probe. 
If it clears it will shoot the methanol in an arcing stream out one of the ports in the plug that sits 
behind the membrane. 

• The probe must be dried of the methanol which can be accelerated by heating the probe. Don't 
reconnect the trunkline to the detectors until you are sure the blockage is clear and the methanol is 
out of the system. 

• If the blockage cannot be cleared a new probe or trunkline will have to be connected. 
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Blinking Temperature Light 

If the temperature light on the MP6505 begins blinking in an unreadable number, it means that there is an 
open thermocouple in the system. 

• To complete the log in progress, replace the thermocouple for the trunkline with a thermocouple wire 
and twist-tie the wires together. This will fool the system to thinking there is continuity of the 
thermocouple wire and allow you to finish a log. The probe will continually heat set up this way and 
if left on when. out of the ground it will overheat. When the log is complete remove the tricked 
thermocouple and remove tools from the ground. 

When you have the probe out of the ground, replace the thermocouple as follows. 

• Remove the connection tube from the probe. 

• Check the crimp connections of the thermocouple wires from the trunkline to the probe. 

• If one of the crimp connections has broken· .then strip back the wire on both sides of the 
thermocouple - probe and trunkline ends and reconnect in a new crimp connection and see if 
the probe temperature comes back. 

• If the thermocouple connection is good, the thermocouple wire in the probe has likely broken. 
Cut off the crimp connections of the thermocouple wires between the probe and the trunkline. 
Check the resistance between the red and yellow thermocouple wires coming out of the probe. 
A resistance reading. of approximately 40ohms indicates that the thermocouple is good 
reconnect. If they are open (0.L.) or mega ohms then the leads are broken on the 
thermocouple. Replace the thermocouple. 

To check the trunkline thermocouple wires, measure each wire from top to bottom. The resistances will 
be different between the two colored wires but should be somewhere approximately 50 ohms - 150ohms 
for the length of the trunkline. The resistances will also increase with an increase in trunkline length. 

• If they are open (no resistance) then there is a break in the trunkline. Replace the trunkline. 

Spiking the Pressure and/or Temperature Data 

If spikes show up in the temperature or pressure data especially when related to hammer strikes it is likely 
an intermittent break in the thermocouple connection. Spiking of the temperature may reach single point 
readings of 250°C in the data but may not be visible when watching the temperature display on the MIP 
controller. 

• When you check the resistance between the two thermocouple wires they ·may check out at 
approximately 40 ohms, however there likely is an intermittent break in the wire. 

• Replacing the thermocouple should eliminate the pressure and temperature data spikes. 

Probe Not Reaching Temperature 

If the heater light is on but the temperature seems low (<100°C with a set point of 120°C) a heater may 
have broken in the probe. 

• · Check the resistance of the heater wires. 

• If a heater is broken the resistance will be over 40 ohms. The probe needs to be replaced. 

• Two good heaters will read approximately 22 ohms on the MP6520, MP8520 and MK6530. 

• Check to see if the thermocouple has pulled a few inches out of the probe. 

• If the thermocouple duct has broken and pulled back away from the probe, the probe will need 
to be replaced and rebuilt. 

• A thermocouple can unscrew and vibrate loose out of the thermocouple duct connection if it is 
not secured with shrink tubing or electrical tape. Reseat back into the leur-lock connection and 
secure. When the thermocouple pulls away from the probe it measures the probe temperature 
in the wrong location. 
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Flash Warning: 

The DI acquisition system, operated with the Fl6000 field instrument, will flash a large warning screen -
Temperature out of Range - to the operator if the temperature goes outside of a set range from the 
setpoint temperature of 121°C. This alerts the operator that something in the system has failed and the 
operator can take the necessary precautions for a broken probe heater or thermocouple problem. 

System Explanations and Warnings 

• MIP Flow 

MIP flow is the carrier gas flow set by the MIP controller. This flow is supplying carrier gas to the 
trunkline and probe and is typically set to approximately 42ml/min. This parameter may be 
monitored by the DI-Acquisition system if the operator has the necessary components in their MIP 
Controller. The return flow, or Flow-R, is the flow coming back to the GC up the return gas line. 
Flow-Sand Flow-R should be within 3-4ml/min and are usually much closer. 

• MIP Pressure 

The MIP pressure is the back pressure of the carrier gas as it moves through the trunkline and 
probe. This is monitored digitally on the DI-Acquisition screen as well as by an analog pressure 
gauge on the front of the MIP controller. The MIP pressure is directly related to the MIP return flow 
(Flow-R). If the MIP pressure falls, the return flow has also dropped, if the MIP flow (Flow,S) has 
remained the same then there is likely a punctured membrane of problem with the gas lines. 
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APPENDIX Ill 

Membrane Performance Control Charts 

Response Tests using TCE 

Pre or Post Log Log ID: 
PIO Response XSD Response Log Membrane 

Response Test 2.5 ppm 2.5 ppm Footage Footage 

Pre-Log MIP01 45,100 65,100 27 0 

Pre-Log MIP02 38,600 70,400 27 27 

Pre-Log MIP03 21,250 38,200 27 54 

Pre-Log MIP04 20,000 38,100 36 81 

Pre-Log MIP05 34,900 54,200 41 117 

Pre-Log MIP06 25,800 40,400 37 158 

Pre-Log MIP07 33.750 45,100 37 195 

Pre-Log MIP08 34,800 48,200 37 232 

· Pre-Log MIP09 31,000 49,600 36 270 

Post-Log MIP09 29,400 42,700 306 

Membrane Response Over Time 
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Membrane Footage 
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APPENDIX IV 

Sample Logs and Interpretation 
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Here is a MIP log showing the detectors (PID, FID and XSD) over the electrical conductivity graph as well 
as a graph of probe temperature and gas pressure. 

The above log shows contamination from 27 ft to 33 ft bgs. The main detector response is on the PID 
and FID with minimal response on the XSD (Halogen Specific Detector). This indicates that the main 
contaminant would not contain halogenated (Cl-, Br-, Fl-) atoms, but would be likely be hydrocarbon 
based. The contaminants are present in the lower electrical conductivity formations which typically are 
courser grained, higher permeable formations. The increased temperature deflection of the MIP block 
heater around 25 ft provides an indication of where the water table may be in this log. 
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Detector Interpretation 

Standard MIP systems are able t6 identify compound families and determine general compound 
classes. However the identification of individual compounds is not possible. Standard MIP 
systems have a continuous carrier gas flow that is brought to the detectors from the down-hole 
probe. To. be able to effectively speciate (determine specific contaminant chemicals) the operator 
would need a highly modified system in place. The carrier gas stream would need to be trapped 
and run through either a mass spectrometry or secondary GC onsite. 

Typical standard MIP configurations use 3 gas phase detectors: a photo-ionization detector (PIO), 
flame-ionization (FIO) and a halogen specific detector (XSO). The PIO responds to compounds 
which have an ionization potential ~ electron voltage of the PIO bulb. These compounds include 
both chlorinated and non-chlorinated hydrocarbons. A typical PIO bulb has a 10.6eV lamp. The 
FIO will respond when organic compounds (anything containing carbon) are present in the carrier 
gas stream in high enough concentration burn up in the flame which increases the flames ionization 
voltage. The XSO responds only to halogenated compounds which are made up of chlorinated 
(typical halogen environmental contaminant), brominated and fluorinated compounds. Based upon 
which detector or detector series a contaminant responds on, we can determine ifthe contaminants 
are halogenated or petroleum based. 

Petroleum hydrocarbons will respond on the PID and FIO but not on the XSO. Fresh gasoline 
primarily contains aromatic hydrocarbons such as benzene, toluene, ethyl benzene and xylenes, 
which respond strongly on a photo-ionization detector (PIO) and not so well on the FIO. As 
gasoline breaks down or weathers the molecular structure changes from primarily aromatic to 
mainly straight chain hydrocarbons (single bonded hydrocarbons). Straight chain hydrocarbons 
typically do not show up oh the PIO do having a higher ionization potential but will respond on a 
flame ionization detector (FIO). Weathered petroleum will still have a decent signal on the PIO but 
may show a stronger FIO signal. 

Chlorinated compounds such as trichloroethylene and perchloroethylene are detected by the XSO 
and PIO and respond in a similar profile. This is typical of the common double bonded chlorinated 
compounds seen in the subsurface which have an ionization potential that the PIO can see. 
Chlorinated compounds without multiple bonds such as chloroform, methylene chloride and 1,1,1,
trichloroethane have an ionization potential higher than the PID electron voltage which results in a 
solid response on the XSO but will not show up on the PID. 

The only sure way of determining contaminant concentration from MIP responses is to take confirmation 
soil and/or groundwater samples for laboratory analysis. After obtaining the results the actual 
concentrations can be compared to the MIP detector responses and concentrations may be estimated . 
across the site. 
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APPENDIXV 

GC1000 Configuration and Operating Parameters 

GC1000 Configuration 

Figure 1: GC1000: SRI 310GC with XSD Controller. 

SRl310 GC with PIO, FID & 01 Analytical 
XSD (all standalone detectors) 

Flows: 

TL Carrier (N2): 40ml/min 
Detector split 60:40 - 24ml/min-XSD 

16ml/min-FID 

Nation Dryer (installed in GC Oven) 
80ml/min (2x carrier flow rate) 

A built in air compressor is split underneath the GC between the XSD & FID. The XSD & FID air supply is 
controlled through the GC air pressure screw control on front of GC and with different air line sizes and 
lengths to provide 250ml/min to the FID and 30 ml/min to the XSD. 

Detectors front of GC to back: XSD, FID & PIO 

Figure 2: GC Detectors - left to right - XSD, FID, PIO. 
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SRI 310 GC Detector 1 position - XSD 
(not controlled by GC) 

SRI 310 GC Detector 2 position - FID 

SRI 310 GC Detector 3 position - PID 

Nation dryer installed inside GC oven 

GC Oven set to 85°C - 130°C max temp. 
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Flow comes into the GC oven via a 1/16" 
bulkhead fitting located in the 4th detector 
position furthest back (upper right inside 
oven) behind the PIO detector. The 
trunkline will connect to this bulkhead and 
a 1/16" stainless steel line transports flow 
into the Nafion dryer. Sileo steel takes this 
to the PIO lamp which is inserted up to the 
lamp and backed off a 1/16" and tightened. 
A 1/16" stainless steel line brings it back 
into the GC oven where it is split between 
the FID and XSD and sent to them via a 
silco-steel line to the XSD and a stainless 
steel line to the FID. 

Detector Operating Parameters: 

• MIP Carrier Flow (N2) - 100% - 40ml/min 

Figure 3: GC Oven Configuration. 

• Carrier return back into oven split between XSD & FID 
• Detector Temperature setting - 150°C 
• PIO current 70 (0.70ma) 

FID: 

• Carrier N2 MIP effluent - 40% - 16ml/min 
• Hydrogen - 25ml/min 
• AIR - 250ml/min 
• Detector Temperature setting - 250°C 
• FID igniter set at -600 (6.0V) 

XSD: 

• Carrier N2 MIP effluent - 60% - 24ml/min 
• Air - 30ml/min (split 50:50 wall & jet input of XSD) 
• Detector Temperature setting - 1, 100°C 
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APPENDIX VI 

Tool Configurations 

Thermooauple 
MIP Replaceable 
ASM·· 
37691 

MIP Probe 
ASM 120V 
MP6520 

I DriveHead 
20712 

Trunkllne 
Seal Spacer 
36378 

Ell MIP Trunkline 
W SealASM 

(yellow) 
37032 

Connection 
Tube 
31641 

MIP- MP6520 Probe for1.5 in. rods 

Standard Operating Procedure 

Thermocouple MIP 
Replaceable ASM 
37691 '' 

MIP Probe 
Butt Conn 

Green 10pk 
39806 

Red 10pk 
39807 

2.25 in. MIP 
ProbeASM 
MP8520 

ov 

12.25 in. Water Seal 
Drive Head 
48866, 2.25 in. OD 
42529, 2 75 in. OD 

Trunkline 
Seal Spacer 
36378 

ti} MIP Trunkline 
' Seal ASM (yellovi) 

37032 

12.25 in. Trunkline 
Seal Adapter 
45170 

; 2 25 in. Probe Rod 
33245, 36 in. 
32656, 24 in. 

MIP - MP8520 Probe for 2.25 in. rods 
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Equipment and tool specifications, including weights, dimensions, 
materials, and operating specifications included in this document are 
subject to change without notice~ Where specifications are critical to 

your application, please consult Geoprobe Systems®. 
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1.0 OBJECTIVE 

The objective of this procedure is to drive a sealed stainless steel or PVC screen to depth, deploy the screen, obtain a 
representative water sample from the screen interval, and grout the probe hole during abandonment. The Screen Point 
16 Groundwater Sampler enables the operator to conduct abandonment grouting that meets American Society for 
Testing and Materials (ASTM) Method D 5299 requirements for decommissioning wells and borings for environmental 
activities (ASTM 1993). 

2.0 BACKGROUND 

2.1 Definitions 

Geoprobe®: A brand name. of high quality, hydraulically powered machines that utilize both static force and 
percussion to advance sampling and logging tools into the subsurface. The Geo probe® brand name refers to both 
machines and tools manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are used to perform 
soil core and soil gas sampling, groundwater sampling and monitoring, soil conductivity and contaminant logging, 
grouting, and materials injection. 

Screen Point 16 (SP16) Groundwater Sampler: A direct push device consisting of a PVC or stainless steel 
screen that is driven to depth within a sealed, steel sheath and then deployed for the collection of representative 
groundwater samples. The assembled SPl 6 Sampler is approximately 51.5 inches (1308 mm) long with an OD of 
1.625 inches (41 mm). Upon deployment, up to 41 inches (1041 mm) of screen can be exposed to the formation. 
The Screen Point 16 Groundwater Sampler is designed for use with 1.5-inch probe rods and machines equipped 
with the more powerful GH60 Hydraulic Hammer. Operators with GH40 Series hammers may chose to use this 
sampler in soils where driving is difficult. 

Rod Grip Pull System: An attachment mounted on the hydraulic hammer of a direct push machine which makes 
it possible to retract the tool string with extension rods or flexible tubing protruding from the top of the probe 
rods. The Rod Grip Pull System includes a pull block with rod grip jaws that are bolted directly to the machine. 
A removable handle assembly straddles the tool string while hooking onto the pull block to effectively grip the 
probe rods as the hammer is raised. A separate handle assembly is required for each probe rod diameter. 

2.2 Discussion 

In this procedure, the assembled Screen Point 16 Groundwater Sampler (Fig. 2.1 A) is threaded onto the leading end 
of a Geoprobe® probe rod and advanced into the subsurface with a Geoprobe® direct push machine. Additional 
probe rods are added incrementally and advanced until the desired sampling interval is reached, While the sampler 
is advanced to depth, 0-ring seals at each rod joint, the drive head, and the expendable drive point provide a 
watertight system. This system eliminates the threat of formation fluids entering the screen before deployment 
and assures sample integrity. 

Once at the desired sampling interval, extension rods are sent down hole until the leading rod contacts the bottom 
of the sampler screen. The tool string is then retracted approximately 44 inches (1118 mm) while the screen is 
held in place with the extension rods (Fig. 2.1 B). As the tool string is retracted, the expendable point is released 
from the sampler sheath. The tool string and sheath may be retracted the full length of the screen or as little as a 
few inches if a small sampling interval is desired. 

There are three types of screens that can be used in the Screen Point 16 Groundwater Sampler. Two of the these, a 
stainless steel screen with a standard slot size of 0.004 inches (0.1 O mm) and a PVC screen with a standard slot size 
of 0.010 inches (0.25 mm), are recovered with the tool string after sampling. The third screen is also manufactured 
from PVC with a standard slot size of 0.010 inches (0.25 mm), but is designed to be left downhole when sampling 
is complete. This disposable screen has an exposed screen length of approximately 43 inches (1092 mm). The 
two screens that are recovered with the sampler both have an exposed screen length of approximately 41 inches 
(1041 mm). 

(continued on following page) 
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An 0-ring on the head of the stainless steel screens maintains a seal at the top of the screen. As a result, any liquid 
entering the sampler during screen deployment must first pass through the screen. PVC screens do not require an 
0-ring because the tolerance between the screen head and sampler sheath is near that of the screen slot size. 

The screens are constructed such that flexible tubing, a mini-bailer, or a small-diameter bladder pump can be inserted 
into the screen cavity. This makes direct sampling possible from anywhere within the saturated zone. A removable 
plug in the lower end of the screens allows the user to grout as the sampler is extracted for further use. 

Groundwater samples can be obtained in a number of ways. A common method utilizes polyethylene (TB25L) or 
Teflon® (TB25T) tubing and a Check Valve Assembly (GW4210). The check valve (with check ball) is attached to one 
end of the tubing and inserted down the casing until it is immersed in groundwater. Water is pumped through 
the tubing and to the ground surface by oscillating the tubing up and down. 

An alternative means of collecting groundwater samples is to attach a peristaltic or vacuum pump to the tubing. 
This method is limited in that water can be pumped to the surface from a maximum depth of approximately 26 
feet (8 m). Another technique for groundwater sampling is to use a stainless steel Mini-Bailer Assembly (GW41 ). 
The mini-bailer is lowered down the inside of the casing below the water level where it fills with water and is then 
retrieved from the casing. 

The latest option for collecting groundwater from the SP16 sampler is to utilize a Geoprobe® MB470 Series 
Mechanical Bladder Pump (MBP)*. The MBP may be used to meet requirements of the low-flow sampling protocol 
(Puls and Barcelona 1996, ASTM 2003). Through participation in a U.S. EPA Environmental Technology Verification 
study, it was confirmed that the MB470 can provide representative samples (EPA 2003). 

*The Mechanical Bladder Pump is manufactured under U.S. Patent No. 6,877,965 issued April 12, 2005. 
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FIGURE2.1 
Screen Point 16 Groundwater Sampler 
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3.0 TOOLS AND EQUIPMENT 

The following tools and equipment can be used to successfully recover representative groundwater samples with the 
Geo probe® Screen Point 16 Groundwater Sampler. Refer to Figures 3.1 and 3.2 for identification of the specified parts. 
Tools are listed below for the most common SPl 6 I 1.5-inch probe rod configurations. Additional parts for optional rod 
sizes and accessories are listed in Appendix A. 

SP16 Sampler Parts Part Number 
SPl 6 Sampler Sheath ............................................................................................................................................... 15187 
SPl 6 Drive Head, 0.5-inch bore, 1.5-inch rods* .............................................................................................. 18307 
SPl 6 0-ring Service Kit, 1.5-inch rods (includes 4 each of the a-ring packets below) ......................... 15844 

a-rings for Top ofSP16 Drive Head, 1.5-inch rods only (Pkt.of 25) ..................................................... 15389 
0-rings for Bottom ofSP16 Drive Head (Pkt. of25) ................................................................................ 13196 
0-rings for GW1 520 Screen Head (Pkt. of 2 5) ........................................................................................ GW1520R 
a-rings for SP 16 Expendable Drive Point (Pkt. of 25) .......................................................................... GW1555R 

Screen, Wire-Wound Stainless Steel,4-Slot* ........ , ......................................................................................... GWl 520 
Grout Plugs, PE (Pkg.of 25) ................................................................................................................................ GWl 552K 
Expendable Drive Points, steel, 1.625-inch OD (Pkg. of 25)* .................................................................. GWl 555K 
Screen Point 16 Groundwater Sampler Kit, 1.5-inch Probe Rods (includes 1 each of: 

15187, 18307, 15844, GW1520, GW1535, GW1540, GW1555K, and GW1552K) ................................ 15770 

Probe Rods and Probe Rod Accessories Part Number 
Drive Cap, 1.5-inch probe rods, thread less, (for GH60 Hammer) .............................................................. 12787 
Pull Cap, 1.5-inch probe rods ................................................................................................................................ 15090 
Probe Rod, 1.5-inch x 60-inch* ............................................................................................................................. 11l21 

Extension Rods and Extension Rod Accessories· Part Number 
Screen Push Adapter .............................................................................................................................................. GWl 535 
Grout Plug Push Adapter ...................................................................................................................................... GWl 540 
Extension Rod, 60-inch* .......................................................................................................................................... 10073 
Extension Rod Coupler ............................................................................................................................................. AT68 
Extension Rod Handle .............................................................................. : ............................................................... AT69 
Extension Rod Jig .................................................... , ... : ............................................................................................. AT690 
Extension Rod Quick Link Coupler, pin .............................................................................................................. AT695 
Extension Rod Quick Link Coupler, box ............................................................................................................. AT696 

Grout Accessories Part Number 
Grout Nozzle, for 0.375-inch OD tubing .......................................................................................................... GWl 545 
High-Pressure Nylon Tubing, 0.375-inch OD I 0.25-inch ID, 100-ft. (30 m) ............................................ 11633 
Grout Machine, self-contained* ......................................................................................................................... GS 1000 
Grout System Accossories Package, 1.5-inch rods ...................................................................................... GS 1015 

Groundwater Purging and Sampling Accessories Part Number 
Polyethylene Tubing, 0.375-inch OD, SOO ft.* .................................................................................................. TB25L 
Check Valve Assembly, 0.375-inch OD Tubing* ............................................................................................ GW4210 
Water Level Meter, 0.438-inch OD Probe, 100 ft. cable* .................................................................... ~ ........ GW2000 
Mechanical Bladder Pump** ................................................................................................................................ MB470 
Mini Bailer Assembly, stainless steel ................................................................................................................... GW41 

Additional Tools Part Number 
Adjustable Wrench, 6.0-inch ................................................................................................................................. FA200 
Adjustable Wrench, 10.0-inch ............................................... , ............................................................................... FA201 
Pipe Wrenches .............................................................................................................................................................. NA 

*See Appendix A for additional tooling options. 
** Refer to the Standard Operating Procedure (SOP) for the Mechanical Bladder Pump (Technical Bul

letin No. MK3013) for additional tooling needs. 
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See Appendix A for alternative parts. 
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FIGURE3.2 
Geoprobe® Extension Rods and Accessories 
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4.0 OPERATION 

4.1 Basic Operation 

The SP16 sampler utilize a stainless steel or PVCscreen which is encased in an alloy steel sampler sheath. An 
expendable drive point is placed in the lower end of the sheath while a drive head is attached to the top. 0-rings 
on the drive head and expendable point provide a watertight sheath which keeps contaminants out of the system 
as the sampler is driven to depth. 

Once the sampling interval is. reached, extension rods equipped with a screen push adapter are inserted down 
the ID of the probe rods. The tool string is then retracted up to 44 inches (1118 mm) while the screen is held in 
place with the extension rods. The system is now ready for groundwater sampling. When sampling is complete, a 
removable plug in the bottom of the screen allows for grouting below the sampler as the tool string is retrieved. 

4.2 Sampler Options 

The Screen Point 15 and Screen Point 16 Groundwater Samplers are nearly identical. Subtle differences in the 
design of the SPl 6 sampler make it more durable than the earlier SPl 5 system. Operators of GH60-equipped 
machines should always utilize SP16 tooling. Operators of machines equipped with GH40 Series hammers may 
also choose SPl 6 tooling when sampling in difficult probing conditions. 

A 1.75-inch OD Expendable Drive Point (17066K) and Disposable PVC Screen (16089) provide two useful options 
for the SPl 6 sampler. The 1.75-inch drive point may be used when soil conditions make it difficult to remove the 
sampler after driving to depth. The disposable PVC screen may be left down hole after sampling (when regulations 
permit) to eliminate the time required for screen decontamination. 

4.3 Decontamination 

In order to collect representative groundwater samples, all sampler parts must be thoroughly cleaned before and 
after each use. Scrub all metal parts using a stiff brush and a non phosphate soap solution. Steam cleaning may be 
substituted for hand-washing if available. Rinse with distilled water and allow to air-dry before assembly. · 

4.4 SP16 Sampler Assembly (Figure 4.1) 

Part numbers are listed for a standard SPl 6 sampler using 1.5-inch probe rods. Refer to Page 6 for screen and 
drive head alternatives. 

1. Place an 0-ring on a steel expendable drive point (GWl 555K). Firmly seat the expendable point in the necked 
end of a sampler sheath (15187). 

2. Install a PE Grout Plug (GWl 552) in the bottom end of a Wire-wound Stainless Steel Screen (GWl 520). Place 
a GWl 520R 0-ring in the groove on the top end of the screen. 

3. Slide the screen inside of the sampler sheath with the grout plug toward the bottom of the sampler. Ensure 
that the expendable point was not displaced by the screen. 

4. Install a bottom 0-ring (13196) on a Drive Head (18307 or 15188). Thread the drive head into the sampler 
sheath using an adjustable wrench if necessary to ensure complete engagement of the threads. Attach a 
Drive Cap (12787 or 15590) to the top of the drive head. 

NOTE: The 18307 drive head should be used whenever possible as the smaller 0.5-inch ID provides a greater 
material cross-section for increased durability. 

Sampler assembly is complete. 

Standard Operating Procedure pages SPl 6 Groundwater Sampler 



Expendable Drive 
Point 0-Ring 
(GW1555R*) 

Sampler Sheath 

(15187)\ 

SP16 Drive Head 
(18307*) 

1Top Drive Head 0-Ring r; (15389*> 

/8ottom Drive Head 0-Ring 
(13196*) 

Expendable~ 
Drive Point "

(GW1555K**) 

~Wire-Wound Stainless Steel Screen . 
(GW1520**) 

~PE Grout Plug 
(GW1552) 

FIGURE4.1 

• Included in the SP16 0-ring Service Kit (15844) 
•• Part numbers show most common tool configuration. 

See Appendix A for alternative parts. 

Screen Point 16 Groundwater Sampler Assembly 

4.5 Advancing the SP16 Sampler 

To provide adequate room for screen deployment with the Rod Grip Pull System, the probe derrick should be 
extended a little over halfway out of the carrier vehicle when positioning for operation. 

1. Begin by placing the assembled sampler (Fig. 2.1.A) in the driving position beneath the hydraulic hammer of 
the direct push machine as shown in Figure 4.2. 

2. Advance the sampler with the throttle control at slow speed for the first few feet to ensure that the sampler 
is aligned properly. Switch to fast speed for the remainder of the probe stroke. 

_3. Completely raise the hammer 
assembly. Remove the drive 
cap and place an 0-ring in the 
top groove of the drive head. 
Distilled water may be used to 
lubricate the 0-ring if needed. 

FIGURE4.2 

Probe Cylinder 
is Extended 

Hydraulic 
Hammer 

Assembled 
/Sampler 

Add a probe rod (length to be 
determined by operator) and 
reattach the drive cap to the 
rod string. Drive the sampler 
the entire length of the new rod 
with the throttle control at fast 
speed. 

Screen Point 16 Groundwater Sampler in Driving Position 

4. Repeat Step 3 until the desired 
sampling .interval is reached. 
Approximately 12 inches (305 mm) of the last probe rod must extend above the ground surface to allow 
attachment of the puller assembly. A 12-inch (305 mm) rod may be added if the tool string is over-driven. 

5. Remove the drive cap and retract the probe derrick away from the tool string. 
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4.6 Screen Deployment 

1. Thread a screen push adapter (GW1535) on an extension rod of suitable length (AT671, 10073, or AT675). 
Attach a threaded coupler (AT68) to the other end of the extension rod. Lower the extension rod inside of the 
probe rod taking care not to drop it down the tool string. An extension rod jig (AT690) may be used to hold 
the rods. 

2. Add extension rods until the adapter contacts the bottom of the screen. To speed up this step, it is recommended 
that Extension Rod Quick Links (AT695 and AT696) are used at every other rod joint. 

3. Ensure that at least 48 inches (1219 mm) of extension rod protrudes from the probe rod. Thread an extension 
rod handle (AT69) on the top extension rod. 

4. Maneuver the probe assembly into position for pulling. 

5. Raise (pull) the tool string while physically holding the screen in place with the extension rods (Fig. 4.3.B). A 
slight knock with the extension rod string will help to dislodge the expendable point and start the screen 
moving inside the sheath. 

Raise the hammer and tool string about 44 inches (1118 cm) if using a GW1520 or GW1530 screen. At this 
point the screen head will contact the necked portion of the sampler sheath (Fig. 4.3.C.) and the extension 
rods will rise with the probe rods. Use care when deploying a PVC screen so as not to break the screen when 
it contacts the bottom of the sampler sheath. 

The Disposable Screen (16089) will extend completely out of the sheath if the tool string is raised more than 
45 inches (1143 mm). Measure and mark this distance on the top extension rod to avoid losing the screen 
during deployment. 

6. Remove the rod grip handle, lower the hammer assembly, and retract the probe derrick. Remove the top 
extension rod (with handle) and top probe rod. Finally, extract all extension rods. 

7. Groundwater samples can now be collected with a mini-bailer, peristaltic or vacuum pump, tubing bottom 
check valve assembly, bladder pump, or other acceptable small diameter sampling devic~. 

When inserting tubing or a bladder pump down the rod string, ensure that it enters the screen interval. The 
leading end of the tubing or bladder pump will sometimes catch at the screen head giving the illusion that 
the bottom of the screen has been reached. An up-and-down motion combined with rotation helps move 
the tubing or bladder pump past the lip .and into the screen. 

4.7 Abandonment Grouting for GW1520 and GW1530 Screens 

The SP16 Sampler can meet ASTM D 5299 requirements for abandoning environmental wells or borings when 
grouting is conducted properly. A removable grout plug makes it possible to deploy tubing through the bottom 
of GW1520 and GW1530 screens. A GS500 or GS 1000 Grout Machine is then used to pump grout into the open 
probe hole as the sampler is withdrawn. The following procedure is presented as an example only and should be 
modified to satisfy local abandonment grouting regulations. 

1. Maneuver the probe assembly into position for pulling. Attach the rod grip puller to the top probe rod. Raise 
the tool string approximately 4 to 6 inches (102 to 152 cm) to allow removal of the grout plug. 

2. Thread the Grout Plug Push Adapter (GW1540) onto an extension rod. Insert the adapter and extension rod 
inside the probe rod string. Add extension rods until the adapter contacts the grout plug at the bottom of the 
screen. Attach the handle to the top extension rod. When the extension rods are slightly raised and lowered, 
a relatively soft rebound should be felt as the adapter contacts the grout plug. This is especially true when 
using a PVC screen. 
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3. Place a mark on the extension rod even with the top of the probe rod. Apply downward pressure on the 
extension rods and push the grout plug out of the screen. The mark placed on the extension rod should now 
be below the top of the probe rod. Remove all extension rods. 

Note: When working with a stainless steel screen, it may be necessary to raise and quickly lower the extension 
rods to jar the grout plug free. When the plug is successfully removed, a metal-on-metal sensation may be 
noted as the extension rods are gently "bounced" within the probe rods. 

4. A Grout Nozzle (GWl 545) is now connected to High-Pressure Nylon Tubing (11633) and inserted down through 
the probe rods to the bottom of the screen (Fig. 4.4). It may be necessary to pump a small amount of clean 
water through the tubing during deployment to jet out sediments that settled in the bottom of the screen. 
Resistance will sometimes be felt as the grout nozzle passes through the drive head. Rotate the tubing while 
moving it up-and-down to ensure that the nozzle has reached the bottom of the screen and is not hung up 
on the drive head. 

Note: All probe rods remain strung on the tubing as the tool string is pulled. Provide extra tubing length to allow 
sufficient room to lay the rods on the ground as they are removed. An additional 20 feet is generally enough. 

S. Operate the grout pump while pulling the first rod with the rod grip pull system. Coordinate pumping and 
pulling rates so t.hat grout fills the void left by the sampler. After pulling the first rod, release the rod grip 
handle, fully lower the hammer, and reg rip the tool string. Unthread the top probe and slide it over the tubing 
placing it on the ground near the end of the tubing. 

6. Repeat Step 5 until the sampler is retrieved. Do not bend or kink the tubing when pulling and laying out the 
probe rods. Sharp bends create weak spots in the tubing which may burst when pumping grout. Remember 
to operate the grout pump only when pulling the rod string. The probe hole is thus filled with grout from the 
bottom up as the rods are extracted. 

7. Promptly clean all probe rods and sampler parts before the grout sets up and clogs the equipment. 

4.8 Abandonment Grouting for the 16089 Disposable Screen 

ASTM D 5299 requirements can also be met for the SPl 6 samplers wheri using the 16089 disposable screen. 
Because the screen remains downhole after sampling, the operator may choose either to deliver grout to the 
bottom of the tool string with nylon tubing or pump grout directly through the probe rods using an Injection Pull 
Cap (16698). AGS500 orGSl 000 Grout Machine is needed to pump grout into the open probe hole as the sampler 
is withdrawn. The following procedure is presented as an example only and should be modified to satisfy local 
abandonment grouting regulations. 

1. Maneuver the probe assembly into position for pulling with the rod grip puller. 

2. Thread the screen push adapter onto an extension rod. Insert the adapter and extension rod inside the probe 
rod string. Add extension rods until the adapter contacts the bottom of the screen. Attach the handle to the 
top extension rod. 

3. The disposable screen must be extended at least 46 inches (1168 mm) to clear the bottom of the sampler 
sheath. Considering the length of screen deployed in Section 4.7, determine the remaining distance required 
to fully extend the screen from the sheath. Mark this distance on the top extension rod. 

4. Pull the tool string up to the mark on the top extension rod while holding the disposable screen in place. 

The screen is now fully deployed and the sampler is ready for abandonment grouting. Apply grout to the 
bottom of the tool string during retrieval using either flexible tubing (as described in Section 4.7) or an injection 
pull cap (Fig.4.5). This section continues with a description of grouting with a pull cap. 
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S. Remove the rod grip handle and maneuver the probe assembly directly over the tool string. Thread an Injection 
Pull Cap (16698) onto the top probe rod and close the hammer pull latch over the top of the pull cap. 

6. Connect the pull cap to a Geoprobe® grout machine using a high-pressure grout hose. 

7. Operate the pump to fill the entire tool string with grout. When a sufficient volume has been pumped to fill 
the tool string, begin pulling the rods and sampler while continuing to operate the grout pump. Considering 
the known pump volume and sampler cross-section, time tooling withdrawal to slightly "overpump" grout 
into the subsurface. This will ensure that all voids are filled during sampler retrieval. 

The grouting process can lubricate the probe hole sufficiently to cause the tool string to slide back down hole 
when disconnected from the pull cap. Prevent this by withdrawing the tool string with the rod grip puller 
while maintaining a connection to the grout machine with the pull cap. 

4.9 Retrieving the Screen Point 16 Sampler 

If grouting is not required, the Screen Point 16 Sampler can be retrieved by pulling the probe rods as with most 
other Geoprobe® applications. The Rod Grip Pull System should be used for this process as it allows the operator 
to remove rods without completely releasing the tool string. This avoids having the probe rods fall back down hole 
when released during the pulling procedure. A standard Pull Cap (15164) may still be used if preferred. Refer to the 
Owner's Manual for your Geoprobe® direct push machine for specific instructions on pulling the tool string. 

5.0 REFERENCES 

American Society ofTesting and Materials (ASTM), 2003. D6771-02 Standard Praetice for Low-Flow Purging and 
Sampling for Wells and Devices Used for Ground-Water Quality Investigations. ASTM, West Conshocken, 
PA. (www.astm.org) 

American Society of Testing and Materials (ASTM), 1993. ASTM 5299 Standard Guide for Decommissioning of 
Groundwater Wells, Vadose Zone Monitoring Devices, Boreholes, and Other Devices for Environmental Activities; 
ASTM West Conshohocken, PA. (www.astm.org) 

Geoprobe Systems®, 2003, Tools Catalog, V.6. 

Geo probe Systems®, 2006, Model MB470 Mechanical Bladder Pump Standard Operating Procedure (SOP), Technical 
Bulletin No. MK3013. 

Puls, RobertW.,and Michael J. Barcelona, 1996. Ground Water Issue: Low-Flow (Minimal Drawdown) Ground Water 
Sampling Procedures. EPA/540/S-95/504. April. 

U.S. Environmental Protection Agency (EPA), 2003. Environmental Technology Verification Report: Geoprobe Inc., 
Mechanical Bladder Pump Model MB470. Office of Research and Development, Washington, D.C. EPA/600R-
03/086. August. 

Standard Operating Procedure Page 14 SPl 6 Groundwater Sampler 



Appendix A 
ALTERNATIVE PARTS 

The following parts are available to meet unique soil conditions. See section 3.0 for a complete listing of the common 
tool. configurations for the Geo probe® Screen Point 16 Groundwater Sampler. 

SP16 Sampler Parts and Accessories ....................................................................... Part Number 
SPl 6 Drive Head,0.625-inch bore,.1.5-inch rods ................................................................................ 15188 
Expendable Drive Points, aluminum, 1.625-inch OD (Pkg. of 25) .......................................... GWl 555ALK 
Expendable Drive Points, steel. 1.75-inch OD (Pkg. of 25) ............................................................. 17066K 
Screen, PVC, 10-Slot ....................................................................................................•.............................. GWl 530 
Screen, Disposable, PVC, 10-Slot .............................................................................................................. 16089 

Groun.dwater Purging and Sampling Accessories ................................................. Part Number 
Polyethylene Tubing, 0.25-inch OD, 500 ft ............................................................................................ TB 17L 
Polyethylene Tubing, 0.5-inch OD, 500 ft_ ............................................................................................. TB37L 
Polyethylene Tubing, 0.625-inch OD, 50 ft ................ ; ........................................................................... TB50L 
Check Valve Assembly, 0.25-inch OD Tubing .................................................................................... GW4240 
Check Valve Assembly, 0.5-inch OD Tubing ...................................................................................... GW4220 
Check Valve Assembly, 0.625-inch OD Tubing ................................................................................. GW4230 
Water Level Meter, 0.375-inch OD Probe, 100-ft. cable ................................................................. GW2001 
Water Level Meter, 0.438-inch OD Probe, 200-ft. cable ................................................................. GW2002 
Water Level Meter, 0.375-inch OD Probe, 200-ft. cable ................................................................. GW2003 
Water Level Meter, 0.438-inch OD Probe, 30-m cable ................................................................... GW2005 
Water Level Meter, 0.438-inch OD Probe, 60-m cable ................................................................... GW2007 
Water Level Meter, 0.375-inch OD Probe, 60-m cable .................................................................... GE2008 

Grouting Accessories ................................................................................................ Part Number 

Grout Machine, auxiliary-powered ······························································'········································· GS500 

Probe Rods, Extension Rods, and Accessories ........................................................ Part Number 
Probe Rod, 1.5-inch x 1-meter ................................................................................................................... 17899 
Probe Rod, 1.5-inch x 48-inch ................................................................................................................ : ... 13359 
Drive Cap, 1.5-inch rods (for GH40 Series Hammer) ......................................................................... 15590 
Rod Grip Pull Handle, 1.5-inch Probe Rods (for GH40 Series Hammer) ................................... GHl 555 
Extension Rod,48-inch .................................................. ; ............................................................................. AT671 
Extension Rod, 1-meter ............................................................................................................................... AT675 

Standard Operating Procedure 

Equipment and tool specifications, including weights, dimensions, materi
als, and operating specifications included in this brochure are subject to 

change without notice. Where specifications are critical to your application, 

please consult Geo probe Systems®. 
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1.0 OBJECTIVE 

The objective of this procedure is to deploy a stainless steel or PVC screen at depth, obtain a representative water sample 
from the screen interval, and grout the probe hole during abandonment. The Screen Point 22 Groundwater Sampler 
enables the operator to conduct abandonment grouting that meets American Society for Testing and Materials (ASTM) 
Method D 5299 requirements for decommissioning wells and borings for environmental activities (ASTM 1993). 

2.0 BACKGROUND 

2.1 Definitions 

Geoprobe®: A brand name of high quality, hydraulically.powered machines that utilize static force and percussion 
or rotation to advance sampling and logging tools into the subsurface. The Geoprobe® brand name refers to both 
machines and tools manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are·used to perform 
activities such as soil core and soil gas sampling,groundwater sampling and monitoring, soil conductivity and 
contaminant logging, grouting, and materials injection. 

Screen Point 22 (SP22) Groundwater Sampler: A direct push device consisting of a PVC or stainless steel screen 
that is lowered (post-run) to depth within a sealed string of steel probe rods and then deployed for the collection 
of representative groundwater samples. Upon deployment, up to 48 inches (1219 mm) of screen can be exposed 
to the formation. There is also an optional 12-inch screen that can be used. The Screen Point 22 Groundwater 
Sampler is designed for use with 2.25-inch probe rods and machines equipped with the more powerful GH60 and 
GH80 series hydraulic hammers. Operators with GH40 series hammers may choose to use this sampler in soils 
where driving is.easier. 

Rod Grip Pull System: An attachment mounted on the hydraulic hammer of a direct push machine which makes it 
possible to retract the tool string with probe rods or flexible tubing protruding from the top of the probe rods. The 
Rod Grip Pull System includes a pull block with rod grip jaws that are bolted directly to the machine. A removable 
handle assembly straddles the tool string while hooking onto the pull block to effectively grip the probe rods as 
the hammer is raised. A separate handle assembly is required for each probe rod diameter. 

2.2 Discussion (Fig. 2.1) 

In this procedure, 2.25-inch probe rods are advanced into the subsurface with a Geoprobe® subsurface machine 
(Fig. 2.1, Step 1 ). While the tool string is advanced to depth, 0-ring seals at each rod joint, the expendable point 
holder, and the expendable drive point provide a watertight system. This eliminates the threat of formation fluids 
entering the screen before deployment and assures sample integrity. 

Once the leading end of the 2.25cinch probe rods reaches the desired sampling interval, an SP22 sere.en is lowered 
to the bottom of the rods using a string of either 1.25-inch outside diameter (OD) light-weight center rods, 1.25-
inch probe rods, or 0.7S-inch schedule 40 flush-thread PVC riser (Fig. 2.1, Step 2). The 2.25-inch rods are then 
retracted while the SP22 screen is held in place with the 1.25-inch rods or PVC riser (Fig 2.1, Step 3). As the 2.25-
inch tool string is retracted, the expendable point is released from the expendable point holder. The tool string 
and expendable point holder may be retracted the full length of the screen or as little as a few inches if a small 
sampling interval is desired. 

The SP22 Sampler can also be used with the Geoprobe® DT22 system. (Fig. 2.2) 

(continued on following page) 
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Expendable Drive Points 
The SP22 system utilizes an SP22 Expendable Point Holder (33764) and standard 2.45-inch (62-mm) OD steel Expendable 
Drive Points for 2.25-inch probe rods (AT2015K). Extended Shank Expendable Drive Points ( 19442) are available for soft 
soil conditions where standard points may be advanced out of the point holder during percussion. A third option is to 
use a part number 43128 SP22 Expendable Point Holder along with 1.625-inch (41-mm) steel Expendable Drive Points 
(GWl 555K). These smaller drive points are more economical to purchase and ship, but must not be used with GH80 
Series Hydraulic Hammers as they may not stay seated during percussion. 

Screens 
Two types of screens have been developed for use in the Screen Point 22 Groundwater Sampler-a stainless steel screen 
with a standard slot size of 0.004 inches (0, 10 mm) and a PVC screen with a standard slot size of 0.01 O inches (0.25 mm). 
These screens are available in nominal 48- and 12-inch lengths. Effective screen lengths for the 48- and 12-inch PVC 
screens are 48 inches ( 1219 mm) and 12 inches (305 mm), while 48- and 12-inch stainless steel screens have effective 
screen lengths of 43 inches (1092 mm) arid 14 inches (356 mm) respectively. Both types of screens are recovered with 
the tool string after sampling. 

The SP22 PVC Screen Head Adapter (37871) provides yet another screen option for the SP22 sampler. Using this adapter, 
a section of slotted 0.75-inch Schedule 40 PVC pipe may be lowered through the 2.25-inch probe rods using a string 
of flush-threaded 0.75-.inch Schedule 40 PVC Riser. An SP22 PVC Screen Plug (38968) is installed in the leading end 
of the slotted pipe prior to use. The slotted pipe may be cut and the screen plug installed to provide custom screen 
lengths. 

An 0-ring is located at the top of each stainless screen and on the screen adapters. When a screen is deployed, this 
0-ring maintains a seal between the top of the screen and the inner wall of the probe rods or expendable point holder 
as indicated in Figure 2.1. As a result, any liquid entering the tool string must first pass through the screen. 

Screens are constructed such that equipment can be inserted into the screen cavity for sample collection as noted in 
the following section and illustrated in Figure 2.1, Step 4. This makes direct sampling possible from anywhere within 
the saturated zone. · 

The inner rod string and screen are generally removed prior to grouting through the 2.25-inch rod string as shown in 
Figure 2.1, Steps 5-6. However, a removable plug in the lower end of the screens allows for grouting through flexible 
tubing extending out the bottom of the screen as with the Geoprobe® SPl 5/16 Groundwater Samplers if desired. 

Sample Collection 
Groundwater samples can be obtained from the SP22 screen in a number of ways. A common method utilizes 0.375-
inch OD polyethylene (TB25L) or Teflon® (TB2ST) tubing and a check valve assembly. The check valve (with check ball) 
is attached to one end of the tubing and inserted down the casing until it is immersed in groundwater. Water is then 
pumped through the tubing and to the ground surface by oscillating the tubing up and down. 

An SP22 Check Valve Assembly (37893) is recommended if sampling through 1.25-inch light-weight center rods. The 
SP22 Check Valve Assembly is approximately 20 inches long to enable it to pass through the stepped diameters at each 
rod joint that may cause problems for other, shorter check valves. 

An alternative means of collecting groundwater samples is to attach a peristaltic or vacuum pump to tubing that is 
inserted through the inner rods towithin the SP22 screen. This method is limited in that water can be pumped to the 
surface from a maximum depth of approximately 26 feet (8 m). Another technique for groundwater sampling is to use 
a stainless steel Mini-Bailer Assembly (GW41 ). The mini-bailer is lowered down the inside of the casing below the water 
level where it fills with water and is then retrieved from the casing. 

The latest option for collecting groundwater from the SP22 Sampler is to utilize a Geoprobe® MB470 Series Mechanical 
Bladder Pump (MBP)*. The MBP may be used to meet requirements of the low-flow sampling protocol (Puls and Barcelona 
1996, ASTM 2003). Through participation in a U.S. EPA Environmental Technology Verification study, it was confirmed 
that the MB470 can provide representative samples (EPA 2003). 

*The Mechanical Bladder Pump is manufactured under U.S. Patent No. 6,877,965 issued April 12, 2005. 
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1. Drive tool string to 
desired sampling 
depth. 

2. Insert SP22 Screen 
with 1.25-inch 
center rods. 

3. Pull back on 
2.25-inch probe 
rod, exposing 
SP22 Screen. 

t t 

' 

4. Collect 
groundwater 
sample with 
tubing check 
valve. 

5. Retrieve 
tool string; 
Expendable 
point is lost. 

t 

Detail 

1.25-in. x 60-in. 
Light-We.ight Cent.er Rod (27600) 

or Probe Rod (ATl 260) 

SP22 PVC Screen, 
0.75-in. x 12-in. (38377) 
0.75-in.x 48-in.(38376) 

FIGURE2.1 

2.25-in. x 60-in. Probe Rod 
(25301) 

SP22 PVC Screen Adapter 
(38657) 

Screen Point 22 Groundwater Sampler - 0.75-inch PVC Screen Option 

6. Bottom-up 
grout through 
2.25-inch 
probe rod. 
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1. Collect DT22 
soil sample. 

2. Retrieve 
DT22soil 
sample. 

t 
_.·:· 

3. Insert SP22 
screen with 
1.2S-inch 
center rods. 

2.25-in. x 60-in. Probe Rod 
(25301) 

DT22 Cutting Shoe 

4. Pull back on 
2.25-inch rod, 
exposing SP22 
screen to the 
formation. 

f 
t t 

6. Remove 
SP22 screen. 

S. Collect 
groundwater 
sample with 
tubing check 
valve. 

t 

1.25-in. x 60-in. 

7. Insert DT22 liner 
and liner drive 
head assembly. 

f 

Light-Weight Center Rod (27600) 
or Probe Rod (ATl 260) 

SP22 Wire-Wound Stainless Steel 
Screen Assembly 
12-in. (38247) 
48-in. (37894) 

FIGURE2.2 
Screen Point 22 Groundwater Sampler Operation with DT22 Sampling System 

Standard Operating Procedure Page6 SP22 Groundwater Sampler 



3.0 TOOLS AND EQUIPMENT 

The following tools and equipment can be used to successfully recover representative groundwater samples with 
the Geoprobe® Screen Point 22 Groundwater Sampler. Refer to Figures 3.1 and 3.2 for identification of the specified 
parts. Tools are listed below for the most common SP22 I 2.25-inch probe rod configurations. Additional rod sizes and 
accessories are available. Contact Geoprobe Systems® for information regarding tools and equipment options. 

SP22 Sampler Parts Part Number 
SP22 Screen, Wire-Wound.Stainless Steel, 4-Slot (48-in.) ............................................................................ 37894 
SP22 Screen, Wire-Wound Stainless Steel. 4-Slot ( 12-in.) ........................................................................... 38247 
Grout Plugs, PE (Pkg. of 25) ................................................................................................................................ GW1552K 

SP22 Screen, PVC, 10-Slot, 0.75-in.x 48-in ......................................................................................................... 38376 
SP22 Screen, PVC, 10-5/ot, 0.75-in.x 48-inch, Kit (includes 2 each of 38376 and 38429) ...................... 38664 

SP22 Screen, PVC, 10-Slot, 0.75-in. x l 2-in ......................................................................................................... 383 77 
SP22 Screen, PVC, 70-5/ot 0.75-in.x 12-in., Kit (includes 2 each of 38377 and 38429) .......................... 38667 

SP22 PVC Screen Plug .............................................................................................................................................. 38968 
SP22 PVC Screen Plug Kit (includes 7 0 of 38968) ............................................................................... ; ........... 38530 

SP22 PVC Screen Adapter, 0.75-in. PVC x 1.25-in. Probe Rod Box ............................................................ 38657 
SP22 PVC Screen Head Adapter, 0.75-in. (for flush-threaded 0.75-in. Schedule 40 PVC) ................. 37871 
SP22 0-ring Kit (Pkg. of 10 0-rings for SP22 PVC screen adapters and stainless steel screens) ... 37853 
0-rings, 0.75-in. PVC Riser (Pkg.of 25) ............................................................................................................ GW4401 R 

SP22 Expendable Point Holder, 2.25-in. Probe Rods, AT2045K and 19442 Points .............................. 33764 
SP22 Expendable Point Holder, 2.25-in. Probe Rods, GW1555 Points* ................................................... 43128 

Outer Casing (2. 125-inch Probe Rods) and Inner Rod String Part Number 
Probe Rod, 2.25-in. x 60-in ..................................................................................... ; ................................................ 25301 
Expendable Drive Points, Steel, 2.45-in. OD (Pkg. of 25) ........................................................................... AT201 SK 
Expendable Drive Points, Steel, 2.45-in. OD, extended shank .................................................................... 19442 
Expendable Points, steel, 1.625-in.OD (Pkg. of 25)* .................................................................................. GW1555K 
Drive Cap, 2.25-in. Probe Rods, Threadless, (for GH60 and GH80 Series Hammers) .......................... 31530 
0-Rings, 2.25-in. Probe Rods (Pkg. of 25) ....................................................................................................... AT21 OOR 
Rod Grip Handle, 2.25-in. Probe Rods, (for GH60 and GH80 Series Hammers) .................................... 29385 

Light-Weight Center Rod, 1.25-in. x 60-in ......................................................................................................... 27600 
Probe Rod, 1.25-in. x 60-in ............ _. ...................................................................................................................... ATl 260 
0-ring, 1.25-in. rods (Pkg. of 25) ............................................ - ................................................... - ................... ATl 250R 
Rod Grip Handle, 1.25/1.5-in. Rods, (for GH60 and GHBO Series Hammers) ......................................... 15554 
PVC Riser, 0.75-in .Schedule 40.x 60-inch ......... - .................................. , ........................ - ........... , .................. 11747 
PVC Pipe, 0.75-in. Schedule 40 x 60-inch, 10-Slot .......................................................................................... 17474 

Grout Accessories Part Number 
High-Pressure Nylon Tubing, 0.375-in.OD I 0.25-in. ID, 100-ft. (30 m) .................................................... 11633 
Grout Machine, Auxiliary-Powered ................................................................................................................... GS2200 
Grout System Accessories Package, 2.25-in, rods ........................................................................................ GS 1015 

Groundwater Purging and Sampling Accessories Part Number 
Polyethylene Tubing, 0.375-in. OD. 500 ft_ ......................................................... - ....... - ................... _ ..... ~ .. TB25L 
Check Valve Assembly, 0.375-in. OD Tubing x 20 in. Long .......................................................................... 37893 
Water Level Meter, 0.438-in. OD Probe, 100 ft. cable ................................................................................... GW2000 
Mechanical Bladder Pump** ................................................................................................................................ MB470 
Mini Bailer Assembly, Stainless Steel .................................................................................................................. GW41 

*Not for use with GH80 Series Hydraulic Hammers 
** Refer to the Standard Operating Procedure (SOP) for the Mechanical Bladder Pump (Technical Bul

letin No. MK3013) for additional tooling needs. 
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FIGURE3.1 
SP22 Sampler Parts 
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4.0 OPERATION 

4.1 Basic Operation 

The SP22 Sampler utilizes a stainless steel or PVC screen which is lowered (post-run) through an alloy steel 2.25-
inch OD probe rod tool string. An expendable drive point is placed in an expendable point holder on the leading 
2.25-inch probe rod prior to advancement (Fig.4.1 ). This expendable point is removed and stays in the subsurface 
as the rods are pulled back to exposes the SP22 screen. 0-rings on the probe rods, the expendable point holder, 
and the expendable drive point provide a watertight tool string which keeps contaminants out of the system as 
the 2.25-inch rods are driven to depth in preparation for installation of the SP22 screen. 

Once the sampling interval is reached with the 2.25-inch probe rods, the stainless steel or PVC screen is lowered 
through the rods using 1.25-inch probe rods, 1.25-inch light-weight center rods, or 0.75-inch PVC riser pipe. The 
2.25-inch tool string is then retracted while the screen is held in place with the inner rods or riser. The system is now 
ready for groundwater sampling. When sampling is complete, the inner rods and screen are removed for grouting 
during retrieval or the 2.25-inch rods. Alternatively, a removable plug is located in the bottom of the screens to 
allow grouting directly through the inner tool string with high-pressure tubing during retrieval. 

4.2 Decontamination 

In order to collect representative 
groundwater samples, all sampler parts 
must be thoroughly cleaned before and 
after each use. Scrub all metal parts 
using a stiff brush and a nonphosphate 
soap solution. Steam cleaning may be 
substituted for hand-washing if available. 
Rinse with distilled water and allow to air
dry before assembly. 

4.3 Lead Rod Assembly (Fig. 4.1) 

1. Place an 0-ring on the expendable 
point holder. 

2. Thread expendable point holder into 
the 2.25-inch probe rod. 

3. Place an 0-ring on a steel expendable 
drive point. 

4. Firmly seat the expendable point in the 
expendable point holder. 

s. Place 2.25-inch Drive Cap (31530) on 
the top of the 2.25-inch probe rod. The 
lead rod assembly is now ready to be 
driven to depth. 

Standard Operating Procedure 

2.25-inch Drive Cap 
(31530) 

n 
(d 

2.25-inch Probe Rod, 
60-inch length (25301) 

SP22 Expendable 
. Point Holder 
(33764) 8,. 

··-···-··-··- . -$ SP22 Expendable 

Point Holder 
(43128)* 

,--•--, 2.25-inch 
2·25·inch g ;· Expendable 
Expendable Point V Point 

(AT20l 5) / Extended 

Shank 
(19442) 

FIGURE4.1 

I -E7 Expendable Point 
V (GW1555)* 

*Do not use43128 or 
GWl 555 with GHSO 
series ham me rs 

Lead Rod Assembly for the SP22 Groundwater Sampler 
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4.4 Advancing the Tool String (Fig. 4.2, step 1) 

To provide adequate room for screen deployment with the Hod Grip Pull System, the probe derrick should be 
extended a little over halfway out of the carrier vehicle when positioning for operation. 

1. Drive first 2.25-inch probe rod (as assembled in section 4.3). 

2. Advance the tool string at a slow speed for the first few feet to ensure that the string is aligned properly. 

3. Completely raise the hammer assembly. Remove the drive cap and place an 0-ring in the top groove of the 
driven probe rod. Distilled water may be used to lubricate the 0-ring if needed. 

Add a probe rod (length to be determined by operator) and reattach the drive cap to the rod string. Drive the 
tool string the entire length of the new rod. 

4. Repeat Step 3 until the desired sampling interval is reached. Approximately 12 inches (305 mm) of the last 
probe rod must extend above the ground surface to allow attachment of the puller assembly. A 12-inch (305 
mm) rod may be added if the tool string is over-driven. 

5. Remove the drive cap and retract the probe derrick away from the tool string. 

4.5 Screen Deployment (Fig 4.2, step 2 - 41 

1. Attach an SP22 stainless steel or PVC screen to a 1.25-inch probe rod, 1.25-inch light-weight center rod, or 
0.75-inch flush-thread PVC riser using an SP22 PVC Screen Adapter (38657) or 5P22 PVC Screen Head Adapter 
(37871) as shown in Figure 3.1. Note that the 38657 screen adapter is connected to the SP22 PVC screen using 
the setscrews provided with the adapter. 

and lower it into the driven casing. 

2. Lower the screen into the 2.25-inch probe rod casing and add rods or riser until the screen head contacts the 
bottom of the tool string. 

3. Ensure that at least 48 inches (1219 mm) of rods or riser protrudes from the top 2.25-inch probe rod. 

4. Maneuver the probe assembly into position for pulling. 

5. Raise (pull) the outer 2.25-inch tool string while physically holding the screen in place with the inner 1.25~inch 
rods or 0.75-inch riser. A slight knock with the inner tool string will help to dislodge the expendable point and 
start the screen moving inside the probe rod. 

Raise the hammer and outer tool string to expose the desired length ofscreen. The inner rods will begin 
raising with the outer rods when the screen adapter contacts the necked portion of the expendable point 
holder or DT22 Cutting Shoe. Use care when deploying a PVC screen so as not to break the screen when it 
contacts the expendable point. 

6. Remove the rod grip handle, lower the hammer assembly, and retract the probe derrick. Remove the top 
2.25-inch probe rod. 

7. Groundwater samples can now be collected with a mini-bailer, peristaltic or vacuum pump, tubing bottom 
check valve assembly, bladder pump, or other acceptable small diameter sampling device. 

When inserting tubing or a bladder pump down the rod string, ensure that it enters the screen interval. The 
leading end of the tubing or bladder pump will sometimes catch at the screen head giving the illusion that 
the bottom of the screen has been reached. An up-and-down motion combined with rotation helps move 
the tubing or bladder pump past the lip and into the screen. 
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Standard Operating Procedure 

1. Drive tool 
string to 
depth. 

2. Deploy 
screen 
to end of 
casing with 
light-weight 
center rods. 

3. Pull casing 
back to 
expose SP22 
screen. 

t t 

FIGURE4.2 

4. Sample with 
tubing and 
tubing check 
valve. 

Screen Deployment for SP22 Sampler 
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4.6 Abandonment Grouting for SP22 Screens 

The SP22 Sampler can meet ASTM D 5299 requirements for abandoning environmental wells or borings when 
grouting is conducted properly. A removable grout plug makes it possible to deploy tubing through the bottom of 
the SP22 screens, but the easiest method is to remove the inner string of rods; including the SP22 screen. A Grout 
Machine is then used to pump grout into the open probe hole as the outer casing is withdrawn. The following 
procedure is presented as an example only and should be modified to satisfy local abandonment grouting 
regulations. (Figure 4.3) 

1. Maneuver the probe assembly into position for pulling. 

2. High-Pressure Nylon Tubing (11633) is inserted down through the probe rods through the bottom of the 
expendable point holder (Fig.4.3). 

Note: All probe rods remain strung on the tubing as the tool string is pulled. Provide extra tubing length to allow 
sufficient room to lay the rods on the ground as they are removed. An additional 20 feet is generally enough. 

3. Operate the grout pump while pulling the first rod with the rod grip pull system. Coordinate pumping and 
pulling rates so that grout fills the void left by the sampler. After pulling the first rod, release the rod grip 
handle, fullylower the hammer, and reg rip the tool string. Un thread the top probe and slide it overt he tubing 
placing it on the ground near the end of the tubing. 

4. Repeat Step 5 until the tool string is retrieved. Do not bend or kink the tubing when pulling and laying out the 
probe rods. Sharp bends create weak spots in the tubing which may burst when pumping grout. Remember 
to operate the grout pump only whe-n pulling the rod string. The probe hole is thus filled with grout from the 
bottom up as the rods are extracted. 

5. Promptly dean all probe rods and sampler parts before the grout sets up and clogs the equipment. 

4.7 Retrieving the Screen Point 22 Sampler 

If grouting is not required, the Screen Point 22 Sampler can be retrieved by pulling the probe rods as with most 
otherGeoprobe® applications. The Rod Grip Pull System should be used for this process as it allows the operator 
to remove rods without completely releasing the tool string. This avoids having the probe rods fall back down hole 
when released during the pulling procedure. A standard Pull Cap (33622) may still be used if preferred. Refer to the 
Owner's Manual for your Geoprobe® direct push machine for specific instructions on pulling the tool string. 
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FIGURE4.3 
Abandonment Grouting for the SP22 Sampler 
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Standard Operating Procedure 

Equipment and tool specifications, including weights, dimensions, materi
als, and operating specifications included in this brochure are subject to 

change without notice. Where specifications are critical to your application, 
please consult Geoprobe System~. 
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